
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


M o d if ie d  N u c le o tid e s  in  E u k a ry o t ic  R ib o s o m a l R N A

by

D a v id  G e o ffre y  H ughes

T h e s is  p re s e n te d  fo r  the d e g re e  o f 

D o c to r  o f P h ilo s o p h y ,

T h e  U n iv e r s ity  o f G las g o w ,

S e p te m b e r 1976.



ProQuest Number: 10647071

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uesL

ProQuest 10647071

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



(o<?S <3

Cop^



11

A  ckn o w led g em en ts

I  w is h  to  th a n k  th e  fo llo w in g  fo r  a s s is ta n c e  d u rin g  th is  p ro je c t:  

D r .  B . E . H .  M a d e n , m y  s u p e rv is o r , fo r  e n c o u ra g e m en ts  

and  gu idance  in  the  a r t  o f s c ie n t if ic  in v e s tig a tio n .

P ro fe s s o rs  R . M . S, S m e llie  and A . R , W il l ia m s o n  

fo r  m a k in g  a v a ila b le  the  fa c i l i t ie s  of the D e p a r tm e n t o f B io c h e m is try ,  

T h e  s ta ff  o f the  W e llc o m e  C e l l  C u ltu re  U n it fo r  a s s is ta n c e  

in  the g ro w th  o f t is s u e  c u ltu re  c e lls .

D r .  I .  D . H a m ilto n  and M r .  C . M in to  fo r  a s s is ta n c e  in  the  

g ro w th  o f D ic ty o s te liu m  d is c o id iu m .

D r .  L e s le y  C ogg ins  o f the  B ea ts  on In s titu te  fo r  C a n c e r  

R e s e a rc h  fo r  a s s is ta n c e  w ith  e le c tro n  m ic ro s c o p y .

M is s  M a r ie  M c K e o w n  fo r  a s s is ta n c e  in  p re p a ra t io n  o f th is  

m a n u s c r ip t .

M r s ,  M . W h ite  fo r  s k i l le d  ty p in g  o f the  m a n u s c r ip t .

T h e  S. R . C . fo r  a r e s e a r c h  s tu d en tsh ip .

V a r io u s  fr ie n d s  in  the D e p a r tm e n t of B io c h e m is try  fo r  

h e lp fu l d is c u s s io n s .



A bb rev ia t ion s

r  R N A  

r  p re  R N A  

r  D N A  

t  R N A  

m  R N A  

H n R N A

G

A,

U

V

R N ase

D N ase

SDS

ED TA .

D E A E

cpm

S

R ib o so m al R N A  

R ib o so m al p re c u rs o r  R N A  

R ib o so m al D N A  

T ra n s fe r  R N A  

M essen g er R N A  

H eterogeneous n u c lea r R N A

Cytidine 

Guano sine 

Adenosine 

Uridine

Pseudouridine

R ibonuclease

D eoxyrib o n u c lease

Sodium  dodecyl sulphate

E thy lene  d iam in e  te t r a  a ce tic  a c id

D ie th y la m in o e th y l ce llu lo se

Counts p e r  m inu te

Svedberg un it.



IV

C O N T E N T S

T i t le

A  c kn o w led g em en ts  

A b b re v ia t io n s  

C o n ten ts  

S u m m a ry

C h a p te r  1 In tro d u c tio n  

1 .1  T h e  R ib o s o m e

P ag e

11

111

IV

IX

1. 2 E u k a ry o t ic  R ib o s o m a l R N A

1. G e n e ra l fe a tu re s

2. T r a n s c r ip t io n  of rR N A

3. R ib o s o m e  A s s e m b ly

4. S ec o n d a ry  M o d if ic a t io n  o f rR N A

5. S e c o n d a ry  S tru c tu re  o f rR N A  and

r  p re  R N A

1. 3 A im s  o f the  P r o je c t

2

2

4

10

11

16

26

C h a p te r  2 M a te r ia ls  and  M e th o d s  

M a te r ia ls

C h e m ic a ls

S o lu tio n s , C e lls  and  M e d ia

29

29

31



P a g e

M e th o d s

Z,  1 G ro w th  and R a d io a c tiv e  L a b e ll in g  o f T is s u e  34

C u ltu re  C e lls ,

1, R o u tin e  M a in te n a n c e  o f C e lls  34

Z.  R a d io a c tiv e  L a b e ll in g  3 5

2 . 2 P r e p a r a t io n  o f R N A  f r o m  T is s u e  C u ltu re

C e lls ,  37

1, C e l l  H a rv e s t in g  3 7 ’

2 , C e l l  F r a c t io n a t io n  37

3 , P u r i f ic a t io n  o f R N A  39

2 , 3 P r e p a r a t io n  o f R ib o s o m a l R N A  f r o m  42

D ic ty o s te liu m  d is c o id iu m

2, 4 RNA. F in g e rp r in t in g  T e c h n iq u e  43

1, E n z y m ic  D ig e s t io n  o f R N A  43

2, 2 -D im e n s io n a l fra c t io n a t io n  4 6

2 . A u to ra d io g ra p h y  48

4 , R e c o v e ry  o f O lig o n u c le o tid e s  f ro m  F in g e r p r in ts  48

2 . 5 A n a ly s is  o f O lig o n u c le o tid e s  and R N A  49

1. C o m p le te  H y d ro ly s is  o f O lig o n u c le o tid e s

and  R N A  49

2. D e te c t io n  and Q u a n tit ia t io n  o f P s e u d o u rid in e  51

3. D ig e s t io n  o f O lig o n u c le o tid e s  w ith

P a n c re a t ic  R N a s e  53

4 . C o m p le te  D ig e s t io n  w ith  Snake V en o m

P h o s p h o d ie s te ra s e  54



VI.

z ,  6 P re p a ra t io n  and P ro p e r t ie s  o f F ra g m e n ts  o f

H e L a  28S rR N A

1. P a r t ia l  D ig e s tio n  o f 28S rR N A  w ith  R N ase

2. P o ly a c ry la m id e  G el E le c tro p h o re s is

3. E le c tro n  M ic ro s c o p y  o f F ra g m e n t A

4 . B is u lp h ite  M o d ific a tio n  of R N A

C h ap ter 3 The P se u d o u rid in e  A c id  Content of 

Eukaryotic rRNA.

3.1 HeLa cell rRNA

1. Base Composition

2. Pseudouridine Content

3. Pseudouridine and 2 '-0 - méthylation

3. 2 T h e  P se u d o u rid in e  C ontent o f rR N A  fro m

o th er E u k a ry o te s

1. Base C o m p o s itio n

2. P seu d o u rid in e  C ontent

3. P seu d o u rid in e  and 2 ' - 0 -m é th y la tio n : 

in te rs p e c ie s  co m p ariso n

3. 3 P seu d o u rid in e  in  H e L a  R ib o so m al P re c u rs o r

R N A

1. Base C o m p o s itio n

2. P se u d o u rid in e  C ontent

P a g e

54

54

55

56

57

59

60

60

60

64

64

65

66

68

69

69

70



vil.

P a g e
:er 4 F in g e r p r in t in g  S tu d ies  on P s e u d o u rid in e  73

in  H e L a  rR N A

4 . 1. L o n g  F in g e r p r in ts  o f H e L a  18 S r R N A  74

4 . 2 T ^  p lus P h o s p h a tas e  F in g e r p r in ts  o f H e L a

IB S  r R N A  78

4 , 3 L o n g  F in g e r p r in ts  o f H e L a  28S rR N A  81

4 , 4  D is c u s s io n  82

C h a p te r  5 P a r t ia l  D ig e s t io n  o f 28S rR N A  w ith  85

T ,  R ib o n u c le a s e  — Î---------------------------

5, 1 P u r i f ic a t io n  and P r o p e r t ie s  o f F r a g m e n t  A  85

1, P r e p a r a t io n  85

2 , B ase  C o m p o s itio n  87

3, R ib o n u c le a s e  F in g e r p r in ts  o f F r a g m e n t  A. 88

4 , P a n c r e a t ic  R ib o n u c le a s e  F in g er.jp rin ts

o f F r a g m e n t  A  89

5, P o ly a c r y la m id e  G e l E le c tro p h o re s is  o f

F r a g m e n t  A  90

5 ,2  S e c o n d a ry  S tru c tu re  o f F ra g m e n t  A. 91

1, D e n a tu r in g  G els  91

2, B is u lp h ite  M o d if ic a t io n  92

3, E le c t r o n  M ic ro s c o p y  o f H e L a  F ra g m e n t  A  93



V ll l .
P a g e

5, 3 M o d if ie d  N u c le o tid e s  in  F ra g m e n t  A  95

1. M é th y la t io n  95

2. P s e u d o u rid in e  . 98

5 ,4  P a r t ia l  D ig e s t io n  o f o th e r r R N A ' s 99

5. 5, D is c u s s io n  101

C h a p te r  6 D is c u s s io n  107

6. 1 P re v io u s  S tud ies  on P s e u d o u rid in e  in  107

H e L a  rR N A .

6. 2 P s e u d o u rid in e  and  2 ' - 0 -  m é th y la t io n  in  rR N A  109

6 .3  M o d if ie d  N u c le o tid e s  and R N A  s tru c tu re  112

6 .4  O th e r  P o s s ib le  M e th o d s  o f D e te c t io n  o f 116

P s e u d o u rid in e  in  rR N A

6. 5 T h e  M o le c u la r  B a s is  o f S eco n d ary  M o d if ic a t io n  120

o f rR N A .

6. 6 T h e  F u n c tio n  of S ec o n d a ry  M o d ific a tio n s  in  rR N A  122

A p p e n d ix  125

R e fe re n c e s  126



IX,

E u k a ry o t ic  r ib o s o m a l RNA, con ta ins  a c o n s id e ra b le  

n u m b e r o f m o d if ie d  n u c le o tid e s . T h e  m o s t co m m o n  typ es  

o f m o d if ic a t io n  a r e  2 ' -  0 -  m e  th y  la t i  on and ps eudour id y la t io n .

T h is  th e s is  d e s c r ib e s  s tu d ies  on p s e u d o u rid in e  in  e u k a ry o tic  

r R N A  and its  p o s s ib le  re la t io n s h ip  to  2 ' -  0 -  m e  thy  la t i  on.

À. s im p le  tw o -d im e n s io n a l c h ro m a to g ra p h ic  s y s te m

32
w as  d eve lo p ed  fo r  s e p a ra tin g  Up and  "ÇJp f ro m  d ig e s ts  o f P -  

la b e lle d  R N A . T h is  s y s te m  w as  u sed  to q u a n tita te  '^p in  H e L a  

rR N A . T h e  n u m b e r  o f p s e u d o u rid in e s  w as found to be v e r y  c lo se  

to  the n u m b e r o f 2 ’ - 0 - m e t h y l  g ro u p s , H e L a  28S R N A  co n ta in s  

som e 62 2 ' -  0 - m e th y l g ro u p s  and 60 p s eu d o u rid in e s  w h ils t  18S 

RNA. con ta ins  a p p ro x im a te ly  38 2 ' - 0 - m é th y la tio n s  and  37 "^p 

re s id u e s . T h e  "^p co n ten t o f r R N A  fr o m  m o u se  L - c e l ls ,

Xenopus la e v is ,  and D ic ty o s te l iu m  d is c o id iu m  w as a ls o  

q u a n tita te d . T h e  n u m b e r o f p s eu d o u rid in e s  and  the  n u m b e r  

o f 2 *“ 0 -m e th y l g roups  w as a p p ro x im a te ly  eq u a l in  L - c e l l  r R N A  

an d  in  X enopus 28S R N A , T h e r e  w as  an  a p p re c ia b le  excess  

o f p s e u d o u rid in e  o v e r  2 ' - 0 -  m é th y la t io n  in  X enopus 1 8S R N A ,

T h e  yfp conten t o f D ic ty o s te l iu m  rR N A  w as m a rk e d ly  lo w e r  

th an  in  v e r te b r a te  rR N A *s . D a ta  on the n u m b e r o f 

2 * -  0 -m e th y l  g roups in  th is  sp ec ies  a re  not a c c u ra te  b u t i t  

a p p e a rs  th a t m é th y la t io n  is  a ls o  lo w e r  than  in  v e r te b r a te s .

T h e  p s e u d o u rid in e  co n ten t o f H e L a  32S and 45S



X.

r  p re  R N A 's  w as  in v e s tig a te d . C o n s id e ra b le  n u m b e rs  o f 

l^p re s id u e s  w e re  p re s e n t in  both  p re c u rs o rs . 32 S R N A  

w as  found to  c o n ta in  s lig h t ly  m o re  p s eu d o u rid in e s  th an  

28S R N A , T h e  e s t im a te d  n u m b e r o f "^p re s id u e s  in  45S R N A  

(7 0 ) w as  le s s  th an  the  sum  o f th e  n u m b e rs  found in  IBS and  

2 8S R N A .'s . P o s s ib le  a lte r n a t iv e  exp la n a tio n s  fo r  th is  a re  

d is c u s s e d .

T e c h n iq u e s  fo r  R N A  f in g e rp r in t in g  and ’ sequence  

a n a ly s is  w e re  u sed  to  in v e s tig a te  the p re s e n c e  of p s e u d o u rid in e  

in  o lig o n u c le o tid e s  f r o m  H e L a  1 8S rR N A , P s e u d o u rid in e  

o c c u rs  o n ly  a t  s p e c if ic  s ite s  in  th e  rR N A . sequences,

A. la r g e  RNA. fra g m e n t  w as  p re p a re d  by d ig e s tio n  of 

H e L a  28S rR N A  w ith  T̂  ̂ r ib o n u c le a s e  u n d e r m ild  co n d itio n s , 

fo llo w e d  by s e p a ra tio n  o f the p ro d u c ts  on s u cro se  g ra d ie n ts .

B a s e  c o m p o s itio n  a n a ly s is  show ed th a t the fra g m e n t had  a v e r y  

h ig h  G + C co n ten t (c a , 80% ), E le c tro p h o re t ic  s e p a ra tio n  on 

n e u tr a l  p o ly a c ry la m id e  gels  su ggested  th a t p re p a ra tio n s  

c o n ta in ed  s e v e ra l fra g m e n ts  o f c o m p a ra b le , bu t no t id e n t ic a l  

s iz e . D é n a tu ra tio n  o f fra g m e n ts  on 6M  u re a  ge ls  suggested  th a t  

th ese  v a r io u s  fra g m e n ts  h ave  a t le a s t  p a r t  of th e ir  p r im a r y  

sequence in  co m m o n . B o th  p a n c re a t ic  R N a s e  f in g e rp r in ts  

and e le c tro p h o re s is  u n d e r d e n a tu rin g  co n d itio n s  d e m o n s tra te d  

th a t the la rg e  fra g m e n ts  c o n ta in  in te r n a l  n ic k s . T h e  

in te g r i ty  o f th e  la r g e  fra g m e n t  m u s t, th e re fo re ,  be  

m a in ta in e d  a f te r  p a r t ia l  d ig e s tio n  by s ec o n d a ry  s tr u c tu r a l



XI.

in te ra c t io n s . L o w  r e a c t iv i ty  o f th e  fra g m e n t to  so d iu m

b is u lp h ite  suggested  th a t a h ig h  p ro p o r t io n  o f G -C  base  p a irs

is  p re s e n t. E le c tr o n  m ic ro s c o p y  in  80% fo rm a m id e  show ed th a t

th e  fra g m e n t co n ta in s  a h ig h  d e g re e  o f s ec o n d a ry  s tru c tu re

w h ic h  is  r e s is ta n t  to  d é n a tu ra tio n . T h e  p re s e n c e  o f m o d if ie d

n u c le o tid e s  in  the fra g m e n t  w as  in v e s tig a te d . M e a s u re m e n t  

14
o f C -m e th y l  r a d io a c t iv ity  show ed th a t few  m e th y l groups a r e  

p re s e n t. T h is  w as c o n firm e d  by f in g e rp r in t in g  a n a ly s is  

w h ic h  show ed o n ly  one o r tw o  2 ' - 0 - m e th y la te d  o lig o n u c le o tid e s . 

P s e u d o u rid in e  w as  a ls o  found to  be r e la t iv e ly  le s s  abundant 

in  G -C  r ic h  fra g m e n ts  th an  in  288  rR N A  as a w h o le . N o t m o re  

th a n  th re e  p s e u d o u rid in e s  w e re  p re s e n t in  the fra g m e n t, w h ic h  

is  s e v e ra l h u n d re d  n u c le o tid e s  lo n g .



C h a p te r  1. In tro d u c tio n

1. 1 T h e  R ib o s o m e

R ib o s o m e s  w e re  f i r s t  n o ted  as " s m a ll  p a r t ic le s "  d u rin g  

l ig h t  m ic ro s c o p y  o f Rous s a rc o m a  v iru s  and a v a r ie ty  o f e u k a ry o tic  

tis s u e s  (C la u d e , 1 94 1 ), J e n e e r  an d  B ra c k e t  (1 9 4 1 , 1942) 

id e n t if ie d  R N A  as a com ponent o f th e s e  p a r t ic le s  and suggested  

th e ir  in v o lv e m e n t in  p ro te in  s y n th e s is . C o n f irm a tio n  th a t  

r ib o s o m e s  a re  the s ite  of p ro te in  syn th es is  in  the c e ll  has le d  to  

e x te n s iv e  re s e a rc h  on th e ir  s tru c tu re ,  fu n c tio n , and g e n e tic s , 

( r e v ie w e d  by T is s ie r e s ,  197 4 ).

R ib o s o m es  a re  found u n iv e r s a lly  in  c e lls  o f both  

e u k a ry o tic  and p r o k a ry o t ic  o r ig in . T h e y  m a y  be d iv id e d  in to  

tw o  m a in  c la s s e s , 80S r ib o s o m e s  a r e  found in  e u k a ry o tic  c e lls  

both  f re e  in  the  c y to p la s m  and  bound to  e n d o p la s m ic  r e t ic u lu m .  

R ib o s o m e s  of p ro k a ry o t ic  c e lls  and o f e u k a ry o tic  m ito c h o n d r ia  

and  c h lo ro p la s ts  s e d im e n t a t  70S, B oth  c la s se s  c o n s is t o f tw o  

subun its  o f unequa l s iz e  w hose m a s s  is  m ad e  up o f about one th ir d  

p ro te in  and tw o  th ird s  R N A , T h e r e  a r e ,  h o w e v e r , c o n s id e ra b le  

d iffe re n c e s  b e tw ee n  80S and 70S r ib o s o m e s  in  both R N A  and  

p ro te in  com ponents . T a b le  1. 1 o u tlin e s  the  m a jo r  d is tin g u is h in g  

fe a tu re s  b e tw ee n  the r ib o s o m e s  of m a m m a ls  and E . c o li.

D if fe re n c e s  b e tw ee n  the r R N A ' s in c lu d e  th e ir  s iz e , d e g re e  

and typ e  o f s e c o n d a ry  m o d if ic a t io n , and the p re s e n c e  o f a low  

m o le c u la r  w e ig h t, " 5 , 8 S" R N A  in  e u k a ry o te s , S in c la ir  and  

B ro w n  (1 9 7 1 ), u s in g  n u c le ic  a c id  h y b r id iz a t io n  te c h n iq u e s , have



w

w
<
H

W

<D
0

d
3

10
a

CQ

<u§I
U
t-HI
s
<+Hog

CO
• Hfn&
O

O

o
Ü

H

+ j  
• H

I
<ubO
u
d
a

I
I

o
Ü

ï4

CO
Oin

CO
osO

8
CO

CO
o
'4̂

CO CO
CO LO 
N

CO
00

i d  CO

ii

4-3 + j
d PS
CD CD

• H •1-4
u Ü

q n 0
Vm 4-4
CD CD
0 O
U +J u

d '2 PS
o o

rO
fd d cd

-H ■y
Pi PS
CD
g

m
0

CD

a
.5 • H
TD •xJ
CD CD

CO CO

I
mo

§  oN  N
CO

2  s
1—4

+
o 
o 
o
in

COin

o
ovO

o
o
o
N

M-lo

II
8a§
<!

vO O

(M
4-

00

m
in

in

I
u
(U
A
CO
A
§
h
tuO5

II

■̂ 1 rt a
^  A

I i
d  pQ^  *r4,4 h

§
3
(d

Ia
IH
O
CD&
H

CO

o

C M

o
CO

I
CO

CD
A

( 0Io
h
p.,

vO
r -
og
'xSI
ao

4H
i j
CD

A

<

H§
■S

F l

i H  <U

CD
CO
O

a

CO
CDI
I

A
CD

I
. 2

! 4
CD

+ »
h
O

r d
CO

CO 
• H

Î
CO 
CD

4-3
O

F4 CO 
cc3 0 0  
M CM

CD

XJ
CD

«4-4
O

II
II
^  a

1 1
CO + J  
CD ÇU 
pJ CD

Î S



show n th a t th e re  is  n u c le o tid e  sequence h o m o lo g y  b e tw ee n  r R N A 's  

f r o m  a w id e  ra n g e  o f e u k a ry o te s . T h e y  d id  no t, h o w e v e r , d e te c t  

h o m o lo g y  b e tw ee n  rR N A  o f e u k a ry o te s  and  p ro k a ry o te s .

S im i la r ly ,  h o m o lo g ie s  b e tw e e n  r ib o s o m a l p ro te in s  f r o m  d is ta n t ly  

r e la te d  e u k a ry o te s  a r e  d e te c te d  by p o ly a c ry la m id e  ge l 

e le c tro p h o re s is  (D e la u n a y  e t a l,  1 9 7 3 ), C o m p a r is o n  o f r ib o s o m a l  

p ro te in s  o f e u k a ry o te s  and p ro k a ry o te s  by  im m u n o lo g ic a l  

te c h n iq u es  has re v e a le d  o n ly  one case o f h o m o lo g y  (W o o l and  

S to f f le r ,  1 97 4 ),

D e s p ite  th e ir  s ig n if ic a n t  d if fe re n c e s  in  s tru c tu re  th e  r ib o s o m e s  

o f e u k a ry o te s  and p ro k a ry o te s  p e r fo r m  the sam e b a s ic  fu n c tio n  

in  p ro te in  s y n th e s is . I t  is  th e r e fo r e  l ik e ly  th a t hom o lo g o u s  

fe a tu re s  w i l l  co m e to  l ig h t .

T h is  th e s is  is  c o n c e rn e d  w ith  s tu d ies  on the s tru c tu re  o f 

e u k a ry o tic  rR N A , M o s t o f th is  in tro d u c tio n  is  c o n c e rn e d  w ith  

a sp e c ts  o f th a t s u b je c t. P r o k a r y o t ic  rR N A  and  o th e r  re la te d  to p ic s  

w i l l ,  h o w e v e r , be d is c u s s e d  w hen  th e y  seem  re le v a n t .

1. 2 E u k a ry o t ic  R ib o s o m a l R N A

1 .2 .1  G e n e ra l fe a tu re s

1 ,2 .  1 ,1  H ig h  M o le c u la r  W e ig h t rR N A

A s  o u tlin e d  in  ta b le  1. 1 the  e u k a ry o tic  r ib o s o m e  conta ins  

one h ig h  m o le c u la r  w e ig h t R N A  in  each  su b u n it. In  H e L a  c e lls  

th e s e  sp ec ies  h ave  m o le c u la r  w e ig h ts  o f 0, 70 x  10^ D a lto n s  

(s m a ll  su b u n it) and 1, 75 x  10^ D a lto n s  ( la rg e  su b u n it) and  

s e d im e n ta tio n  c o e ffic ie n ts  o f 18S and 28S re s p e c t iv e ly



T A B L E  1 .2

M o le c u la r  W e ig h t and G + C conten t o f r  R N A

S pec ies
M o le c u la r  W e ig h t (x  10 ^) % G + C

L a rg e
S ubunit

S m a ll
Subunit

L a r g e
S ubunit

S m a ll
S ubunit

H e L a 1. 75 0, 70 67 59

R a t  ( l i v e r ) 1, 75 0 ,7 0 63 58

M o u s e  ( L iv e r ) 1 ,7 1 0. 70

X eno pus ( l i v e r ) 1. 54 0 , 69 64 53

D , M e la n o g a s te r 1 ,4 0 0 ,7 3 40 41

S a c c h a ro m y c e s 1, 30 0 ,7 2 4 8 45

D ic ty o s te liu m 43 42

T e tra h y m e n a 1. 30 0 . 69 43 (u n f ra c t i p n a ted  r  R N A )

E . C o li 1. 07 0 . 56 54 54

A d a p te d  f r o m  L o e n in g  (1 9 6 8 ) and  
A t t a r d i  & A m a ld i  (1 9 7 0 ),



(L o e n in g , 1 96 8 ). W ith in  e u k a ry o te s  the s iz e  of the R N A  of the  

s m a ll  r ib o s o m a l su b u n it is  r e la t iv e ly  co n stan t. In  c o n tra s t,  

th e  m a jo r  R N A  o f the  la r g e  su b u n it in c re a s e s  in  s ize  w ith  the  

e v o lu t io n a ry  c o m p le x ity  o f th e  o rg a n is m  (ta b le  1, 2 ), A n  

e v o lu t io n a ry  tre n d  is  a ls o  n o ta b le  in  the  c h e m ic a l c o m p o s itio n  o f  

r R N A . T h e  p e rc e n ta g e  G  + C co n ten t o f both h ig h  m o le c u la r  

w e ig h t sp ec ies  in c re a s e s  on p ro g re s s in g  f ro m  lo w e r  

e u k a ry o te s  to m a m m a ls . In  a d d it io n  to the fo u r m a in  types  o f 

n u c le o tid e  c o n s id e ra b le  n u m b e rs  o f m o d if ie d  n u c le o tid e s  a re  

p re s e n t in  rR N A . T h e  m o s t c o m m o n  m o d ific a tio n s  

a r e  m é th y la tio n s  and p s e u d o u r id y la tio n s ,

1, 2, 1, 2 L o w  M o le c u la r  W e ig h t rR N A .

In  a d d itio n  to its  tw o  h ig h  m o le c u la r  w e ig h t R N A 's  the  

e u k a ry o tic  r ib o s o m e  co n ta in s  tw o  lo w  m o le c u la r  w e ig h t R N A  

s p e c ie s . B oth  a r e  a s s o c ia te d  w ith  the  la r g e  r ib o s o m a l su bun it.

5, 8S rR N A  (o r ig in a l ly  d e s ig n a te d  7S by W e in b e rg  & P e n m a n , 

1968  and P en e  e t a l,  196 8 ) is  re le a s e d  f r o m  28S rR N A  by  

t re a tm e n ts  w h ich  d is ru p t h y d ro g e n  bonding (P e n e  e t a l,  1 96 8 ).

T h e  m o le c u le  is  a p p ro x im a te ly  160 n u c le o tid e s  long  and conta ins  

s e v e r a l m o d ifie d  n u c le o tid e s  (N a z a r  e t â l.  , 1975 a, b; R u b in , 1973; 

K h a n  & M a d e n , 1 976a ) 5, 88 rR N A , is  m e th y la te d  a t  tw o  s ites  

in  v e r te b ra te s  b u t is  u n m e th y la te d  in  y e a s t, y  is  p re s e n t in  a l l  

the  sp ec ies  s tu d ied  (tw o  re s id u e s  in  v e r te b r a te s , one in  y e a s t),  

P e n e  et a l,  (1 9 6 8 ) show ed th a t 5, 85 r  R N A  is  ab sen t f ro m  

p ro k a ry o te s .



5S R N A  is  p re s e n t in  the  la r g e r  subun it o f both e u k a ry o tic  

and p ro k a ry o t ic  r ib o s o m e s . T h e  p o ly n u c le o tid e  ch a in  is  

about 120 n u c le o tid e s  long  bu t a p p e a rs  to  la c k  any m é th y la tio n s  

o r  p s e u d o u rid y la tio n s  (R e v ie w , M o n ie r ,  1974 ),

1 .2 , 2  T r a n s c r ip t io n  o f r R N A

1 .2 ,  2 ,1  R ib o s o m a l G enes

T h e  genes cod ing  fo r  e u k a ry o tic  rR N A  (e x c e p t 5S R N A )  

a r e  lo c a te d  in  the n u c le o lu s . B ro w n  and G u rd o n  (1 9 6 4 )  

show ed th a t m u ta n ts  o f X eno pus la e v is  w h ic h  do not fo r m  

n u c le o li s yn th e s ize  no rR N A , I t  w as  d e m o n s tra te d  by  

W a lla c e  and B ir n s t ie l  (1 9 6 6 ) th a t th e s e  hom ozygous a n u c le o la te  

m u ta n ts  la c k  r D N A  c o m p le te ly . D ro s o p h ila  s tra in s  w h ich  

c o n ta in  d if fe re n t  doses o f the  n u c le o la r  o rg a n iz e r  re g io n  w e re  

found to  co n ta in  rD N A  in  am o u n ts  p ro p o r t io n a l to the n u m b e r  

o f n u c le o li p re s e n t (R ito s s a  & S p ie g e lm a n , 19 65), L o c a liz a t io n  

o f rD N A  w ith in  the n u c leo lu s  w as c o n firm e d  by in  s itu  

h y b r id iz a t io n  e x p e r im e n ts  ( re v ie w e d  b y  R e e d e r , 1 97 4 ),

E u k a ry o t ic  rR N A . genes a r e  p re s e n t in  m u lt ip le  cop ies  in  

a l l  th e  sp ec ies  so f a r  e x a m in e d  (B ir n s t ie l ,  G h ipchase  & S p ie rs ,  

1 9 7 1 ), T h e re  a p p e a rs  to  be a ro u g h  c o r r e la t io n  b e tw ee n  

e v o lu t io n a ry  c o m p le x ity  and an in c re a s e d  n u m b e r o f 

r ib o s o m a l genes. A n  u n u su a l s itu a tio n  is  found in  X enopus  

la e v is  in  w h ic h  the  450  gene copies found in  s o m a tic  c e lls  

(W a lla c e  & B ir n s t ie l ,  1966) a r e  a m p lif ie d  s e v e ra l thousand  tim e s



in  the oocyte  n u c leu s  (B ro w n  & D a w id , 1968; G a ll ,  1 968 ),

B e s id e s  being  p re s e n t in  m u lt ip le  cop ies  rR N A  c is tro n s  have  a 

h ig h  G  + C conten t r e la t iv e  to  b u lk  D N A  and can thus be s e p a ra te d  

f r o m  i t  by v ir tu e  o f a h ig h e r  buoyant d e n s ity  in  C S C l (a t le a s t  

in  X e n o p u s )(W a lla c e  & B ir n s t ie l ,  1966; S in c la ir  & B ro w n ,

1 9 7 1 ), B ecau se  o f th is  p u re  X eno pus rD N A  can be p re p a re d .

T h is  has p ro v id e d  th e  m o s t a c c e s s ib le  s y s te m  fo r  g e n e tic  

a n a ly s is  in  e u k a ry o te s .

T h e  s t r u c tu r a l  o rg a n iz a t io n  o f rD N A  has been  e s ta b lis h e d  

both  by b io c h e m ic a l in v e s tig a tio n s  (B ir n s t ie l  e t a l ,  1968;

B ro w n  & W e b e r , 1968; D aw id,, B ro w n  & R e e d e r , 1970) and  

b y e le c tro n  m ic ro s c o p ic  s tu d ies  (W e lla u e r  & D a w id  1974;

W e lla u e r  & R e e d e r , 1975; W e lla u e r  e t a l . , 1 97 4 a ), T h e  

re p e a tin g  u n it  c o n s is ts  o f the genes fo r  28S and 1 8S r R N A  

s e p a ra te d  by t r a n s c r ib e d  s p a c e r D N A  w ith  a fu r th e r  t r a n s c r ib e d  

s p a c e r  re g io n  e x te rn a l to the 1 8S gene. A tta c h e d  to  th is  is  an  

e x te n s iv e  n o n -t ra n s c r ib e d  s p a c e r  re g io n . B e s id e s  the  e xp ec ted  

v a r ia t io n  b e tw ee n  s p ec ies  in  the gene re g io n  th e re  is  v a r ia t io n  

in  the  s iz e  o f both t r a n s c r ib e d  and n o n -t ra n s c r ib e d  s p a c e rs  

(see  f ig , 1. 1, a ),

1 , 2 , 2 , 2  T r a n s c r ip t io n

E u k a ry o t ic  rR N A , is  in i t i a l l y  t r a n s c r ib e d  as a la r g e  p r e c u r s o r  

m o le c u le  w h ic h  co n ta in s  the sequences o f IB S , 28S and 5, 8S rR N A . 

b e s id e s  c o n s id e ra b le  t r a n s c r ib e d  s p a c e r sec tio n s  (f ig . 1. 1, b ). In
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Fig 1.1 Tracings from electron micrographs,
(a) Xenopus laevis rDNA

(b) Xenopus laevis rRNA

(Adapted from V/ellauer & Dawid, 197^)



H e L a  c e lls  th is  m o le c u le  co n ta in s  som e 13, 000 n u c le o tid e s  and  

s ed im e n ts  a t 45S . T h e  p r e c u r s o r -p r o d u c t  re la t io n s h ip  

b e tw e e n  458  R N A  and  m a tu re  c y to p la s m ic  r R N A  w as  e s ta b lis h e d  

b y  fo llo w in g  th e  K n e tic s  o f la b e ll in g  c e l lu la r  RNA. w ith  

ra d io a c t iv e  u r id in e  (S c h e r r e r  & D a r n e ll ,  1962; S c h e r r e r ,  

L a th a m  & D a r n e ll ,  19 6 3 ). T h e  f lo w  o f ra d io a c t iv ity  w as  shown  

to  b e : -  ‘ 458    >  328  288

188

458  and 328 s p ec ie s  a r e  co n fin ed  to  the  n u c leu s .

2 8SiRNA. is  d e te c te d  f i r s t  in  the n u c le o p la s m  and s h o r t ly  

a fte rw a rd s  in  the  c y to p la s m  (P e n m a n , 1966; P e n m a n , S m ith  

& H o ltz m a n , 1 96 6 ). 188 R N A  is  found o n ly  in  c y to p la s m . I f

c e lls  a re  p u lse  la b e lle d  and  th en  t r e a te d  w ith  A c tin o m y c in  D  to  

b lo c k  fu r th e r  rR N A . s yn th es is  r a d io a c t iv ity  can be "c h a s e d "

f r o m  4 58  in to  328 , 188 and  la t e r  288  R N A  (G ir a r d  e t a l .  , 1 964 ).

14
K in e t ic  e x p e r im e n ts  w ith  G -M e  M e th io n in e  as the  

ra d io a c t iv e  s p ec ie s  h ave  d e m o n s tra te d  th a t both 458  and 328  

RNA. a re  m e th y la te d  (G re e n b e rg  & P e n m a n , 1966; Z im m e r m a n  

& H o l le r ,  1 96 7 ), V a u g h a n  e t a l ,  (1 9 6 7 ) show ed th a t m é th y la t io n  

is  e s s e n tia l fo r  r ib o s o m e  m a tu ra t io n .

A n a ly s is  o f H e L a  R N A  on p o ly a c ry la m id e  g e ls  le d  to  the  

d is c o v e ry  o f tw o s h o r t - l iv e d  in te rm e d ia te s  in  the r R N A  

m a tu ra t io n  p a th w ay  (4 1 8  and  208 R N A ), (W e in b e rg  e t a l , ,  1 967 ),



W e in b e rg  & P e n m a n  (1 9 7 0 ) in fe c te d  H e L a  c e lls  w ith  p o lio v iru s  

cau s in g  in h ib it io n  o f r ib o s o m e  fo rm a tio n  and a c c u m u la tio n  of 

in te rm e d ia te s  o f the  p a th w a y . T h e  le v e l  o f m é th y la t io n  o f 

th e s e  in te rm e d ia te s  w as  a n a ly s e d  and th e ir  m o le c u la r  w e ig h ts  

e s t im a te d . R e s u lts  suggested  th a t 41 s R N A  co n ta in s  the sam e  

n u m b e r o f m e th y l g roups  as 45S R N A , 32S R N A  co n ta in s  the  

s am e  n u m b e r o f m e th y l g ro u p s  as 28S R N A  and 2 OS the sam e  

n u m b e r as 18S R N A , F r o m  th ese  e x p e r im e n ts  the  m a tu ra t io n  

p a th w a y  shown in  f ig , 1, 2a  w as  p ro p o s e d  fo r  H e L a  c e lls ,

W e in b e rg  and P e n m a n  a ls o  o b s e rv e d  lo w - le v e ls  o f 363  and 243  

RNA, sp ec ies  but co n c lu d ed  th a t th e y  w e re  a b e r r a n t  c le a va g e  p ro d u c ts  

o f 453  rR N A .

R N A  f in g e r -p r in t in g  s tu d ies  h ave  c o n c lu s iv e ly  d e m o n s tra te d

th e  c o n s e rv a tio n  o f m e th y l g roups  f r o m  the  p re c u rs o rs  to

14
th e  m a tu re  rR N A  s p ec ie s ; and  the c o m b in ed  C -M e th y l  la b e lle d

1 83 and 283 R N A 's  g ive  r is e  to  the  sam e  p a tte rn  as 453  R N A  

(M a d e n , e t a l , , 1972; M a d e n  & S a lim , 1974 ),

In  a d d itio n  to  m e th y l g roups  H e L a  4 53  and 323 r  p re  R N A  

h ave  b een  shown to co n ta in  a n u m b e r o f p s e u d o u rid in e s  

(J e a n te u r  e t a l ,  , 19 68),

S tud ies  on m o u se  L - c e l l s  ( P e r r y  & K e l ly ,  1972) have  

in d ic a te d  a p ro c e s s in g  sequence d if fe r in g  in  d e ta il  f r o m  

th a t fo r  H e L a  c e lls  ( f ig ,  1 ,2 b ) ,  T h is  sch em e in c lu d e s  

in te rm e d ia te s  o f 363 and  243 . A  m u ta n t o f B H K  c e lls  w h ich  

is  te m p e ra tu re  s e n s itiv e  in  283  rR N A  p ro d u c tio n  a p p a re n tly  

fo llo w s  the H e L a - ty p e  p a th w ay  a t its  p e rm is s iv e  te m p e ra tu re



Fi g. 1.2 Maturation of rpre RNA,

a.

45 s

24 s 41 s

2 0 8 3 2 8

8S 28S

Hela “Adapted from Wellauer and Dawid,1975*

b.

5' 45 S

2 4  s

IBS
m nnmn

4 IS

36S

3 2 8  

2 8 8

L“Cell “Adapted from Wellauer et al,197^.



8,

(3 3 , 5 °C ) w h ils t  a t its  n o n -p e rm is s iv e  te m p e ra tu re  L - ty p e  

m a tu ra t io n  p re d o m in a te s . I t  seem s th a t the  e x a c t c o u rse  

o f rR N A . m a tu ra t io n  in  a g iv e n  c e ll  type  m a y  depend on 

m e ta b o lic  c o n d itio n s  (W in ic o y , 197 6),

N o n -r ib o s o m a l sequences ( t ra n s c r ib e d  s p a c e rs )

A lth o u g h  e s tim a te s  o f the m o le c u la r  w e ig h t o f H e L a  r  p re  RNA. 

an d  rR N A  v a r y  s o m ew h a t i t  is  c le a r  th a t about h a l f  the  

t r a n s c r ib e d  m a t e r ia l  is  lo s t  d u rin g  p ro c e s s in g  ( r e v ie w , M a d e n , 

1 9 7 1 ). 458  RNA. co m p etes  w ith  28S and 188 RNA. fo r  s ite s  in

rD N A  to  the  e x te n t e x p e c te d  i f  35% and 13% re s p e c t iv e ly  o f the  

p r e c u r s o r  m o le c u le  c o n ta in ed  th e s e  r ib o s o m a l sequences (J e a n te u r  

& A t t a r  d i, 19 69). A l l  m e th y l groups a re  c o n s e rv e d  and hence  

th e  re m o v e d  sequences m u s t be u n m e th y la te d  (V au g h an  e t a l,  , 1967; 

W e in b e rg  e t a l , , 1967; W e in b e rg  & P e n m a n , 1970; M a d e n  & S a lim ,  

1974 ), B ase c o m p o s itio n  data  f r o m  tw o groups (A m a ld i & A t t a r  d i, 

1968 ; J e a n te u r  e t a l ,  , 1968; W il le m s  et a l,  , 1968 ) p u r ify in g  

r  p re  R N A  by d if fe re n t  m eth o d s  show th a t the G + C co n ten t o f  

4 5 8  R N A  (70% ) is  h ig h e r  th an  th a t o f e ith e r  288 (67% ) o r  188  

(5 6 -5 8 % ),

T h is  im p lie s  th a t the  t r a n s c r ib e d -s p a c e r  m a te r ia l  has a 

v e r y  h ig h  G  + C c o n ten t (a b o u t 77% ),

P o la r i t y  o f T r a n s c r ip t io n

T h e  o rd e r  in  w h ic h  188 and 288  r R N A 's  a re  t r a n s c r ib e d  in  

th e ir  n u c le o la r  p r e c u r s o r  has b een  in  d isp u te  and ev id en ce  has  

been  p re s e n te d  fo r  both  p o s s ib le  p o la r it ie s  (re v ie w e d  in
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D a w id  and W e lla u e r ,  1976 ). P a r t ia l  d ig estio n  o f 28S rR N A  w ith  a 

supposed 3' exo n u clease  and e le c tro n  m ic ro s c o p y  o f the  p roducts  

le d  W e lla u e r  and D a w id  (1 9 7 3 ) to conclude th a t 28S rR N A  is  

a t the 5* end o f the 458  m o le c u le . R e s u lts  fro m  tw o subsequent 

stud ies  on the b io s yn th es is  o f 458  R N A  have s tro n g ly  suggested  

the re v e rs e  o f th is  p o la r ity  (D ia u  & H u r lb e t , 1975; H a c k e tt & 

S a u e rb ie f ,  1975 ), T h is  c o n flic t  has been re s o lv e d  by two  

in v e s tig a tio n s  m a k in g  use o f s p e c ific  s ites  in  rR N A , w h ich  a re  

cut by  E co  R I en donuclease  (D a w id  & W e lla u e r , 1976; R e e d e r  

e t a l,  , 1976 ), B o th  in v e s tig a tio n s  c o n firm  the 5 ' - l 8 8 -2 8 8 -3 '  

p o la r ity  of tra n s c r ip t io n . T h e  a u th o rs  o f the  f i r s t  o f these  

stud ies  concede th a t th e ir  e a r l ie r  re s u lts  m a y  be e rro n e o u s  due 

to in c o m p le te  c h a ra c te r is a t io n  o f the exo n u c lease  used .

T ra n s c r ip t io n  o f 5. 88 rR N A

L a b e ll in g  e x p e r im e n ts  w ith  ra d io a c tiv e  u r id in e  suggested  

th a t 2 88 and 5. 88 R N A  a re  d e r iv e d  fro m  a com m on p re c u rs o r  

( P e n e e t a l , , 1 968 ), P en e  e t a l  (1 9 6 8 ) and U dem  Sc W a rn e r  ( 1972) 

show ed th a t tre a tm e n ts  w h ic h  d is ru p t h yd ro g en  bonding w i l l  re le a s e  

5, 88 R N A  fro m  2 88 R N A  but not f ro m  328 o r 458  R N A , im p ly in g  

th a t i f  5, 88 RNA. is  a tta c h ed  to  th ese  m o le c u le s  the linlcage is  

c o v a le n t. M a  den & R o b e rts o n  (1 9 7 4 ) have shown th a t

o lig o n u c le o tid e  spots c h a r a c te r is t ic  o f H e L a  5, 88 rR N A  

a r e  p re s e n t in  f in g e r p r in ts  o f 328 r  p re R N A , c o n firm in g  

the p re s e n c e  o f the 5. 88 sequence in  the p re c u rs o r . In  a d d itio n
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h y b r id iz a t io n  e x p e r im e n ts  u s in g  5. 8S rR N A  and r D N A  in d ic a te  th a t  

th e  5, 8S sequence is  lo c a te d  b e tw een  18S and 28S sequences  

(S p ie rs  & B ir n s t ie l ,  1 9 7 4 ), T o g e th e r  th ese  re s u lts  show th a t  

5, 88 rR N A . is  t ra n s c r ib e d  as p a r t  o f 458  r  p re  RNA. and is  lo c a te d  

in  the t r a n s c r ib e d -s p a c e r  re g io n  o f th e  328 sequence. T h e re  is  

now  ev id en ce  of the  e x is te n c e  o f in te rm e d ia te s  in  the m a tu ra t io n  

o f 5, 88 R N A  both in  y e a s t and H e L a  c e lls  (T r a p m a n  et a l ,  , 1975;

K h a n  & M a d e n , 197 6b),

58 R N A

A lth o u g h  58 RNA. is  p a r t  of the r ib o s o m e  its  t r a n s c r ip t io n  is  

n o t g e n e t ic a lly  l in k e d  w ith  the  o th e r  r R N A  sp ec ies  and no 

l a r g e r  p re c u rs o r  has y e t  b een  id e n t if ie d  ( re v ie w e d  by  M o n ie r ,  1 974 ).

1 .2 .3  R ib o s o m e  A s s e m b ly

T h e  a s s e m b ly  o f r ib o s o m a l subunits  f r o m  th e ir  p ro te in  and  

R N A  c o n stitu en ts  ta k e s  p la c e  m a in ly  in  the n u c le o lu s , 458  . '

and  328  R N A ' s can be e x tra c te d  f r o m  n u c le o li in  r ib o n u c le o p ro te in  

p a r t ic le s  (R N P 's ) ,  s e d im e n tin g  a t 80S and 558 re s p e c t iv e ly

(W a r n e r  & S o ie ro , 19 67). T h e s e  p a r t ic le s  c o n ta in  m o s t o f the  p ro te in s  o f th

la r g e  subun it as w e l l  as 58 R N A . A tte m p ts  to  id e n t ify  p ro te in s

o f the s m a ll  su b u n it in  the 808 R N P  have  been in c o n c lu s iv e

(S h e p h e rd  & M a d e n , 1 97 2 ), T h is  m a y  be due to  p r e fe r e n t ia l

s tr ip p in g  o ff  o f th ese  p ro te in s  b y  the h a rs h  e x tra c t io n  p ro c e d u re

u s ed . In  a d d itio n  to  r ib o s o m a l p ro te in s  n u c le o la r  R N P  conta ins

s e v e ra l la r g e r  p ro te in s . I t  a p p ea rs  th a t th ese  p ro te in s  a r e

re m o v e d  f r o m  the R N P  b e fo re  le a v in g  th e  n u c leo lu s  and a re
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c o n tin u o u s ly  re c y c le d  (K u m a r  & W a r n e r ,  197 2 ).

N e w ly  s y n th e s iz e d  40S r ib o s o m a l subunits a p p e a r in  th e  c y to p la s m  

b e fo re  60S subunits  b ecau se  m a tu ra t io n  o f th e ir  R N A  is  fa s te r .

T h e y  do no t e n te r  fu n c tio n in g  p o ly so m e s  im m e d ia te ly ,  h o w e v e r ,

1 8S rR N A  u n d erg o es  s e v e r a l  fu r th e r  m é th y la tio n s  w h ic h  a r e  a l l  on 

b ases  (M a d e n  & S a lim , 1974; S ap o n ara  & E n g e r , 1 9 7 4 ). E x t r a  

p ro te in s  no t in v o lv e d  in  n u c le a r  a s s e m b ly  a re  added to the la rg e  

su b u n it. In  a d d itio n  c e r ta in  p ro te in s  o f both subunits  beco m e  

p h o s p h o ry la te d  b e fo re  the  r ib o s o m e  is  fu l ly  m a tu re , (K ry s to s e k ,  

e t a l . , 1 974 ),

1 , 2 , 4  S ec o n d a ry  M o d if ic a t io n  of rR N A

M e th y l g ro u p s  and p s e u d o u rid in e  re s id u e s  have both  been  

id e n t if ie d  in  rR N A  o f a l l  o rg a n is m s  s tu d ied . D e ta ile d  know ledge  

o f th ese  s e c o n d a ry  m o d if ic a t io n s  is  l ik e ly  to  be im p o r ta n t  fo r  the  

u n d e rs ta n d in g  o f r ib o s o m e  fu n c tio n ,

1 ,2 . 4 .  1 M é th y la t io n ,

T h e  28S and 18S r R N A 's  o f H e L a  c e lls  c o n ta in  re s p e c t iv e ly  

ab o u t 70 an d  4 6  m e th y l g roups  (M a d e n  & S a lim , 1 97 4 ), W ith  the  

e x c e p tio n  o f f iv e  28S and  seven  18S m e th y l g roups w h ic h  a re  

a tta c h e d  to  bases a l l  m é th y la tio n s  o c c u r a t the 2 ' - 0  p o s itio n  

o f r ib o s e . S equ encing  s tu d ies  on the  o lig o n u c le o tid e s  co n ta in in g  

m e th y l groups h ave  shown no co m m o n  p r im a r y  s t r u c tu r a l  

fe a tu re s  w h ic h  cou ld  d e te rm in e  the  s ite s  o f m o d if ic a t io n  (M a d e n  

& S a lim , 1 974 ),
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K h a n  & M a d e n  (197  6) h ave  conducted  c o m p a ra tiv e  s tud ies  on 

m é th y la t io n  in  v e r te b r a te  r R N A 's  and found a h ig h  d e g re e  o f 

c o n s e rv a tio n . In d e e d , m a n y  d is t in c t iv e  m é th y la t io n  s ite s  a re  

c o n s e rv e d  even  in  the  r R N A 's  o f such d is ta n tly  re la te d  e u k a ry o te s  

as f r u i t f l ie s  (M a d e n  & T a r to f ,  1974 ) and y e a s t (K lo o tw ijk  and  

P la n ta , 1 97 4 ),

T h e  rk .N A  o f p ro k a ry o te s  is  a ls o  m e th y la te d  but in  th is  

case the n u m b e rs  o f m e th y l g roups  a r e  fe w e r  and m o s t a r e  

a tta c h e d  to bases ( F e l ln e r ,  1 97 4 ). C o m p a ra tiv e  s tu d ies  on a  

w id e  ra n g e  o f p ro k a ry o t ic  o rg a n is m s  have  shown th a t th e re  

is  s tro n g  c o n s e rv a tio n  o f m é th y la t io n  s ites  in  1 68 r R N A  

(W o ese  e t a l . , 1 9 7 5 ),

1 ,2 , 4 ,  2 P s e u d o u r id y la t io n

P s e u d o u r id in e  ( V p )  w as  f i r s t  d is c o v e re d  as a m in o r  com ponent 

o f tR N A  (C o h n , 1957; D a v is  & A lle n ,  1 957 ), I t  has su b seq u en tly  

been shown to  be a lm o s t u n iv e r s a lly  p re s e n t in  th is  sp ec ies  o f  

m o le c u le  ( B a r r e l l  & C la r k ,  1 9 7 4 ), T h e  p re s e n c e  o f w as  

d e te c te d  in  " m ic r o s o m a l"  R N A  p re p a ra tio n s  b y  D unn (1 9 5 9 ).  

C o n firm a tio n  th a t ^-p is  a com ponent o f r R N A  w as o b ta in e d  by  s tu d ies  

on w h e a t r R N A  (G l i t z  & D e c k e r ,  1963; Singh & L a n e , 1964 ) w h e re  

i t  is  p re s e n t in  r e la t iv e ly  la r g e  a m o u n ts , A m a ld i and A t t a r d i  (1 9 6 8 )  

h ave  shown th a t ^ p  is  p re s e n t in  H e L a  c e lls  a t a fre q u e n c y  o f 

a p p ro x im a te ly  1, 1% o f n u c le o tid e s  in  288  r R N A  and 1, 5% in  1 8S 

r R N A , E . c o li r R N A , in  c o n tra s t to e u k a ry o tic  rR N A , co n ta in s  v e r y  

fe w  re s id u e s , (D u b in  & G u n lap , 1967; N ic h o ls  & L a n e , 1967;
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F e l ln e r ,  1969; D a h lb e rg  e t a l . , 1 97 5 ),

G o ld w a s s e r and H e in r ik s o n  (1 9 6 6 ) re v ie w e d  the q u estio n  

o f w h e th e r  p s e u d o u rid in e  is  i t s e l f  in c o rp o ra te d  in to  R N A  o r  

w h e th e r  its  p re s e n c e  is  due to  m o d if ic a t io n  o f u r id in e  a f te r  

fo rm a t io n  o f the p o ly n u c le o tid e  c h a in . T h e y  w e re  u n ab le  to  

d ra w  any f i r m  co n c lu s io n  a t th a t t im e .  H o w e v e r , ev id en ce  

in  fa v o u r  o f the la t t e r  p o s s ib il i ty  is  now  s tro n g ,

Johnson and  S ô ll (1 9 7 0 ) s y n th e s iz e d  u n m o d ifie d  tR N A  in  v it r o  

f r o m  a D N A  te m p la te . O n  in c u b a tio n  in  v it r o  t h e y  w e re  a b le  to  

show an in c re a s e  in  r a d io a c t iv ity  in  p s e u d o u rid in e . S tud ies  o f 

e u k a ry o tic  tRNA. m a tu ra t io n  (M o w s h io w itz , 1970; B u rd o n , 1975) 

h ave  shown th a t m a tu re  tR N A . co n ta in s  m o re  T^p th an  " im m a tu r e "  

tR N A  o f the sam e s iz e  w h ic h  has been  n e w ly  fo rm e d  f r o m  p re  tR N A ,  

C o rte s e  e t a l,  , (1 9 7 4 ) have  o b ta in e d  tR N A  f r o m  m u ta n ts  o f S, 

ty p h im u r iu m  and E . c o li w h ic h  la c k s  tw o p s e u d o u rid in e s  found  

in  tR N A  o f w i ld  typ e  o rg a n is m s . T h is  u n d e rm o d if ie d  tR N A  

b e co m e s  m o d if ie d  in  the c o r r e c t  p o s itio n s  w h en  in c u b a te d  w ith  

e x tra c ts  f r o m  w T  b a c te r ia ,

D u b in  and G u n lap  (1 9 6 7 ) found th a t w h en  E . c o li c e lls  a re  

t r e a te d  w ith  c h lo ra m p h e n ic o l th e re  is  a d e c re a s e  in  the? p ro p o rtio n  

o f ^ p  p re s e n t in  rR N A . T h is  suggests th a t syn th es is  o f som e  

p ro te in  n e c e s s a ry  fo r  c o n v e rs io n  o f Up to  I f p  is  b lo c ke d ,

A m a ld i  and A t t a r  d i (1 9 6 8 ) s tu d ie d  the p ro d u c ts  o f r ib o n u c le a s e  

d ig e s tio n  o f H e L a  rR N A . u s in g  D ow  ex co lum ns,' T h e y  d e te rm in e d



F i g .  1 . 3

T h e  s tru c tu re  o f (a ) u r id in e  and (b ) p s e u d o u rid in e . 

D a s h ed  lin e s  re p re s e n t h y d ro g e n  bonds.
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th e  fre q u e n c y  of o c c u rre n c e  of s h o rt sequences co n ta in in g  

r e la t iv e  to th a t o f ho m o lo g o u s  sequences c o n ta in in g  U p , T h e  

r e la t iv e  fre q u e n c y  w as  found to d i f fe r  m a rk e d ly  b e tw ee n  the  

v a r io u s  sequences s tu d ie d . T h is  suggests th a t is  no t 

e v e n ly  d is tr ib u te d  th ro u g h  th e  sequence o f H e L a  r R N A ’ s,

Such a fin d in g  is  c o n s is te n t w ith  c o n v e rs io n  o f Up to  Jfp  a t s p e c if ic  

s ite s  in  the p o ly n u c le o tid e  c h a in .

T h e  s tru c tu re  o f n a tu r a l ly  o c c u rr in g  p s e u d o u rid in e  has  

b een  e s ta b lis h e d  as be ing  5 - p - D  - r ib o fu r a n o s y lu r a c il  (D a v is  & 

A lle n ,  1957; Cohn, I9 6 0 ;  M ic h e ls  on ’ &  C o h n ,., 19 62) as shown  

in  f ig ,  1 ,3  b , F o r m a t io n  o f ‘Çffp f r o m  Up* ( f ig  1 ,3  a ) re q u ire s  

b re a k a g e  o f the  c o v a le n t bond b e tw e e n  r ib o s e  C l '  and base N i ,  

ro ta t io n  o f the p y r im id in e  r in g  about the N 3 -C 6  a x is , and  

fo r m a t io n  o f  a c o v a le n t bond b e tw en  C i' and Cg*

T h e  p re s e n c e  o f a c a rb o n -c a rb o n  bond b e tw een  r ib o s e  and  

th e  u r a c i l  r in g  m a k e s  an  u n u su a l n u c leo s id e  and c o n fe rs  

upon i t  a n u m b e r o f c h a r a c te r is t ic  c h e m ic a l p ro p e r t ie s  (d e ta ile d  

r e v ie w  by C h a m b e rs , 1 9 6 6 ), T h e  C -g ly c o s y l bond is  v e r y  

re s is ta n t  to  c le a v a g e  and v ig o ro u s  t re a tm e n t  w ith  h y d ro c h lo r ic  

a c id  resu].ts  in  is o m e r iz a t io n  r a th e r  th a n  h y d ro ly s is  (C ohn,

Î
I9  60). 0^ has som e c a rb o n iu m  io n  c h a ra c te r .  T h is  re s u lts  in

p ro d u c tio n  o f a re d -b r o w n  c o lo u r  (k  M A X  5 1 5 -5 3  5 n m ),  

c h a r a c te r is t ic  o f k e to  s u g a rs , on h e a tin g  y  p w ith  o rc in o l,

R ib o s e  n o r m a lly  g ives  r is e  to  a b lu e -g re e n  c o lo u r in  th is  re a c t io n .
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T h e  p re s e n c e  o f tw o  d is s o c ia b le  p ro to n s  in  th e  p y r im id in e  

r in g  g ives  r is e  to  the  p o s s ib il i ty  o f tw o  d if fe re n t  m o noan ions  

(p K  a 9 . 1) as w e l l  as a d ia n io n  (p K a  13). A t  n e u tra l  pH  

th e  m o n o an io n s  p re d o m in a te  and th e  a b s o rp tio n  s p e c tru m  has  

\  M A X  a t 2 62 n m . In  a lk a lin e  s o lu tio n s  a p p re c ia b le  am o u n ts  

o f the d ia n io n  a r e  p re s e n t and  a t p H  12 K M A X  is  286  n m . T h e re  

is  no such " b a th o c h ro m ic  s h if t"  in  the a b s o rp tio n  s p e c tru m  o f 

u r id in e  s in ce  i t  canno t fo r m  a d ia n io n  (C o h n , I9 6 0 ) .

B o th  th e  o rc in o l re a c t io n  and  the b a th o c h ro m ic  s h if t  h ave  

p ro v e d  u s e fu l in  id e n t if ic a t io n  o f p s e u d o u rid in e  in  h y d ro ly s a te s  

o f v a r io u s  RNA, s p ec ies  (A m a ld i & A t t a r  d i, 1968; N ic h o ls  & L a n e , 1 96 7 ), 

L a n e  (1 9 6 5 ) and  N ic h o ls  and L a n e  (1 9 6 8 ), d re w  a tte n tio n  to  a  

p o s s ib le  c o r r e la t io n  b e tw ee n  p s e u d o u rid in e  con ten t and 2 ’ -0 -m e th y la t io n  

in  rR N A *  W h e a t r R N A  had  b een  found to  co n ta in  a c o n s id e ra b le  

n u m b e r o f both ty p e s  o f  m o d if ie d  n u c le o tid e  (G l i tz  & D e c k e r ,

19 63; S ingh & L a n e , 1964 ) w h e re a s  E . c o li r R N A  had  b een  found  

to  co n ta in  few  o f e ith e r  (D u b in  & G u n lap , 1967; N ic h o ls  & L a n e ,

19 68), T h e  data  upon w h ic h  th is  su g g estio n  w as  b ased  w e re  

l im it e d  both in  th e ir  scope an d  a c c u ra c y .

S in ce  th a t t im e  m é th y la t io n  has b een  s tu d ied  in  d e ta il  in  

s e v e r a l e u k a ry o tic  r R N A 's .  In  a l l  cases  a r e la t iv e ly  la r g e  

n u m b e r o f 2' -  0 -m e th y l g roups h ave  been  found (K lo o tw ijk  &

P la n ta ,  1973; M a d e n  & S a lim , 1974; L a u  et a l,  , (1 9 7 5 ); K h a n  

& M a d e n , 197 6). T h e  a b so lu te  n u m b e rs  o f 2 ' - 0 - m e t h y l  groups
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h ave  b een  a c c u ra te ly  d e te rm in e d  fo r  y e a s t r R N A  (K lo o tw ijk  

& P la n ta , 1 97 3 ), and H e L a  c e ll  r R N A  (M a d e n  & S a lim , 1974 ).

B y  c o n tra s t the  contents o f th e s e  r R N A 's  h ave  been  

e x a m in e d  o n ly  in c id e n ta l ly ,  as p a r ts  o f o th e r s tud ies  

(A m a ld i & A t t a r  d i, 1968; M a d e n  & F o rb e s , 1972; K lo o tw ijk  

& p la n ta ,  1 9 7 4 ), Q u a n tita t iv e  d e te rm in a tio n s  have s u ffe re d  f r o m  

th e  d if f ic u lty  o f s e p a ra tin g  s m a ll  n u m b e rs  o f y  p re s id u e s  fro m  

m u c h  la r g e r  q u a n titie s  o f Up in  h y d ro ly s a te s  o f rR N A ,

C o n s e q u en tly  th e re  has b een  l i t t l e  ad van ce  in  the a n a ly s is  o f the  

p o s s ib le  c o r r e la t io n  b e tw ee n  y p co n ten t and 2 ' -0 -m e th y la t io n ,

1 ,2 . 5  S ec o n d a ry  S tru c tu re  o f rR N A  and r  p re  R N A

1 .2 .  5 .1  H ig h  M o le c u la r  W e ig h t rR N A

(a ) O p tic a l S tud ies  . O p t ic a l m e a s u re m e n ts  on h igh  m o le c u la r  

w e ig h t rR N A  in  s o lu tio n  suggest th a t 6 0 - 70% o f th e  n u c le o tid e s  

p a r t ic ip a te  in  s e c o n d a ry  s t r u c tu r a l  in te ra c tio n s  (C o x  1966 , 1970; 

M c P h ie  & G r a tz n e r ,  1966; F u l le r  e t a l,  , 1 9 6 7 ). T h e  m a in  type  

o f in te ra c t io n  is  thought to  be the  base p a ir in g  o f s h o rt s tre tc h e s  

o f n u c leo tid e s  in  a d ja c e n t re g io n s  o f the p o ly n u c le o tid e  ch a in  

to  fo r m  h a irp in  lo o p s . T h e s e  loops  h ave  d if fe r in g  am ounts  

o f d o u b le -h e lic a l c h a ra c te r  (C o x , 1 9 7 0 ),

M o r e  th an  90% of the  p r im a r y  sequence o f E . c o li 1 6S rR N A  

has now been d e te rm in e d . T h is  has m ade p o s s ib le  the fo rm u la t io n  

o f a s e c o n d a ry  s tru c tu re  m o d e l fo r  th is  m o le c u le  us ing  the  

m e th o d  of T in o c o  e t a l,  , (1 9 7 1 ) (E h re s m a n n  e t a l,  , 1972;

F e l ln e r ,  1 9 7 4 ), T h e  m o d e l con ta ins  som e 40 h a irp in  loops in v o lv in g
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b ase  p a ir in g  63% of the n u c le o tid e s . T h is  a g re e s  w e ll  w ith  

p re v io u s  p h y s ic a l m e a s u re m e n ts . S tud ies  on the r e a c t iv i t y  

o f 1 6S rR N A  to  k e th o x a l h a v e , h o w e v e r , p ro d u ced  re s u lts  w h ich  

a r e  o n ly  p a r t ia l ly  c o n s is te n t w ith  the s im p le  h a irp in  -lo o p  

m o d e l (N o l le r ,  1 97 4 ). I t  is  p ro b a b le  th a t t e r t i a r y  in te ra c t io n s  

a ls o  o c cu r (c o m p a re  L a d n e r  e t a l. , 1975 on tR N A ). R e fin e m e n ts  

to  the  p ro p o s e d  m o d e l w i l l  be n e c e s s a ry  as fu r th e r  data  on h ig h e r -  

o r d e r  s tru c tu re  o f rR N A  b eco m e  a v a ila b le .

C o m p a r is o n  of h y p o c h ro m ic ity  p ro f i le s  of E , c o li 23S R N A  

an d  ra b b it  re t ic u lo c y te  285 rR N A  suggests a m a rk e d  d iffe re n c e  

in  th e ir  s e c o n d a ry  s tru c tu re s , 235  rR N A  shows a m o n o p h as ic  

t r a n s it io n  su g g estin g  a " m e lt in g -o u t” o f d o u b le -h e lic a l re g io n s  

o f about 55% G + C co n ten t. M e l t in g  of 285 rR N A  is  b ip h a s ic , 

a p p a re n tly  due to th e  p re s e n c e  o f tw o  d is tin c t typ es  o f double  

h e l ic a l  re g io n s . T h e s e  re g io n s  h ave  re s p e c t iv e ly  55% and 78%

G + C co n ten t (C o x , 1966; C o x  e t a l ,  , 197 3 ), S im i la r  m e a s u re m e n ts  

on 4 55  r p r e  R N A  o f K re b s  a s c ite s  c e lls  (H a d ji lo v  & C ox, 1973 ) 

h ave  shown th a t i t  has a s e c o n d a ry  s tru c tu re  m o re  re la te d  to th a t o f 

2 85  rR N A  th an  185 rR N A ,

T h e  o v e r a l l  G + C co nten t o f the  h e l ic a l  re g io n s  of 455  R N A  

w as  found to  be h ig h e r  th an  th a t o f both  285 and 185 rR N A . F r o m  

th is  i t  w as deduced th a t the  n o n -c o n s e rv e d  re g io n s  o f 455  R N A  

a r e  e x te m e ly  G -  C r ic h ,

C o x  e t a l , , (1 9 7  6 b ) h ave  ex ten d ed  the study o f  

h y p o c h ro m ic ity  to  th e  A - U  r ic h  rR N A  f ro m  two n o n -v e r te b ra te
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e u k a ry o te s . T h e s e  a u th o rs  found th a t in  the  28S rR N A  of both  

D ro s o p h ila  m e la n o g a s te r  and p la s m o d iu m  k n o w le s i th e re  a re  

b ase  p a ire d  re g io n s  o f h ig h  A + U  conten t in  p la c e  o f the G -C  r ic h  

re g io n s  of h ig h e r  e u k a ry o te s .

F u r t h e r  s e c o n d a ry  s t r u c tu r a l  in fo rm a t io n  on 28SrRNA. has been  

g a in ed  b y  d ig e s tio n  w ith  r ib o n u c le a s e  u n d er m i ld  c o n d itio n s . T h e  

n u c le a s e  c le a ve s  the p o ly n u c le o tid e  ch a in  p r e fe r e n t ia l ly  a t  

p o s itio n s  o f lo w  s e c o n d a ry  s tru c tu re  and y ie ld s  re s is ta n t  

fra g m e n ts  o f v a ry in g  s iz e s  (G o u ld , 1966 , 1967; W ik m a n  e t a l . , 

1969; C o x  e t a l,  , 1 9 7 3 ), C h a r a c te r iz a t io n  o f la r g e  fra g m e n ts  

f r o m  28S rR N A  has shown th e m  to  have  G +C conten ts  o f a ro u n d  

80% , M e lt in g  p r o f i le s  suggest a h ig h  d e g re e  o f base p a ir in g .

M o s t o f the second phase o f m e lt in g  w h o le  28S r R N A  can be 

a cc o u n te d  fo r  by such fra g m e n ts  (W ik m a n  e t a l , , 1969; C ox  

e t a l,  , 1973 , 1 97 6 a ),

C o m p a r is o n  o f d ig e s ts  o f 28S rR N A  f r o m  a n u m b e r o f sp ec ies  

has shown th a t the  s iz e  o f the  G -C  r ic h  fra g m e n ts  tends to  

in c re a s e  on a scen d in g  the e v o lu t io n a ry  s ca le  (G o u ld  e t a l,  , 1966; 

F in d e r  e t a l.  , 1 9 6 9 ), C o x  e t a l , , (1 9 7 3 ) found th a t the second  

phase o f th e  h y p o c h ro m ic ity  p r o f i le  o f X enopus la e v is  2 8S r R N A  

is  m u ch  le s s  p ro n o u n ced  th a n  th a t o f ra b b it  re t ic u lo c y te  285  rR N A ,  

T h e s e  re s u lts  suggest th a t the G -C  r ic h  re g io n s  in  285  r R N A  

o f m a m m a ls  a re  la r g e r  th an  in  lo w e r  v e r te b r a te s ,

H y p o c h ro m ic ity  p r o f i le s  o f e u k a ry o tic  185 r R N A  fr o m  s e v e ra l
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sp ec ies  show c o n s id e ra b le  re s e m b la n c e  to  th a t o f E . c o li 16S r R N A  

(C o x , 1970 ) . T h e  m a in  type  o f in te ra c t io n  p re s e n t is  the b a s e -  

p a ir in g  o f reg ions o f 5 0 -  55% G + C  co n ten t. M e lt in g  p ro f i le s  

o f e u k a ry o tic  188 r R N A 's  a re  h o w e v e r, b ip h a s ic . T h e  a d d itio n a l 

t r a n s it io n  is  m u ch  le s s  p ro n o u n ced  than  th a t found in  m e lt in g  

p ro f i le s  o f 288  rR N A  and c o rre s p o n d s  to  the m e lt in g -o u t  o f m u ch  

s h o r te r  re g io n s  o f s e c o n d a ry  s tru c tu re  (C o x , 1966., 1970; C ox e t

a l , , 1976  a , b ). T h e s e  re g io n s  have h ig h  G + C  content in  

v e r te b ra te s  and h ig h  A  +- U con ten t in  lo w e r  e u k a ry o te s .

T h e  s m a ll s iz e  o f the re g io n s  o f h ig h  s ec o n d a ry  s tru c tu re  

in  188 r R N A  is  r e f le c te d  in  the re s u lts  o f p a r t ia l  d ig e s tio n  

e x p e r im e n ts . M i ld  n u c le a s e  d ig e s tio n  p ro d u ces  o n ly  fra g m e n ts  

o f lo w  m o le c u la r  w e ig h t (G o u ld  et a l , , 1966; F in d e r  e t a l , , 196 9 ), 

T h e  in v e s tig a tio n s  d e s c r ib e d  in  th is  s ec tio n  h ave  in v o lv e d  

m e a s u re m e n ts  on is o la te d  rR N A  in  s o lu tio n . S tud ies  o f  

h y p o c h ro m ic ity , o p tic a l r o ta to r y  d is p e rs io n , and X - r a y  d if f ra c t io n  

suggest th a t th e  m a in  fe a tu re s  o f rR N A . a re  s im i la r  in  n e u tra l  

s o lu tio n  and in  the  r ib o s o m a l p a r t ic le  (A m a ld i & A t ta r d i ,  1970 , 

re v ie w ; C ox e t a l,  , 1 9 7 6 a ). C ir c u la r  d ic h ro is m  stud ies  have  

shown th a t the p re s e n c e  o f p ro te in  a lte r s  the m e lt in g  te m p e ra tu re  

o f d o u b le -h e lic a l re g io n s . I t  does n o t, h o w e v e r, a p p e a r to  

a l t e r  the n u m b e r o f base p a irs  p re s e n t (C o x  e t a l,  , 1973b ),

(b ) E le c tro n  M ic ro s c o p ic  S tu d ie s , W e lla u e r  & D aw id  (1 9 7 3 ) 

h ave  e x p lo ite d  a m e th o d  o f s e c o n d a ry  s tru c tu re  m ap p in g  o f R N A  

b y  e le c tro n  m ic ro s c o p y  on p re p a ra tio n s  p a r t ia l ly  d e n a tu re d  w ith  

fo rm a m id e . R eg io n s  w ith  h ig h ly  s ta b le  s ec o n d a ry  s tru c tu re  re m a in



T A B L E  1. 3 

S ize  and C o n s e rv a tio n  o f r  p re  R N A  as 

d e te rm in e d  by e le c tro n  m ic ro s c o p y

A n im a l
M o l,  w t, -  S. D , X  10 ^ 

r  p re  R N A
% o f r  p re  R N A  

c o n s e rv e d  in  r  R N A

R u d d 2, 64 Ï  0 .1 3 7 5 .4

X eno pus ' 2 , 81 t  0. 16 7 8 .0

L iz a r d 2 . 7 8 Î  0 .1 4 7 8 . 6

C h ic k e n 3, 68 i  0 ,2 3 6 2 .2

P ig e o n 3. 85 t  0 .1 9 6 1 .7

M o u s e 4 , 66 -  0, 36 5 1 .9  *

R a t 4 . 51 t  0. 20 5 3 .4

C a t 4 . 73 t  0. 18 5 0 . 6

M o n k e y 4 .2 2  t  0 ,1 9 56, 5

H u m a n 4 .7 1  t  0 .4 5 " 5 1 .4

W e lla u e r  e t a l ,  (1 9 7 4 )

+ W e lla u e r  & D a w id  (1 9 7 3 )

O th e r  f ig u re s  f r o m  S c h ib le r  e t a l,  (1 9 7 5 )
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in ta c t  w h ils t  re g io n s  o f le s s  s ta b le  s ec o n d a ry  in te ra c t io n s  a re  

s in g le  "S tra n d e d  u n d e r these  c o n d itio n s . In v e s tig a tio n s  o f th is  

typ e  on rR N A  and r p r e  R N A  h ave  c o n firm e d  the m a tu ra t io n  

path w ays  o f r R N A  in  H e L a  and  L « c e l ls .  M e a s u re m e n t o f the

le n g th  o f v a r io u s  rR N A  s p ec ies  w hen  seen  u n d e r the e le c tro n  

m ic ro s c o p e  has g iv e n  a fu r th e r  e s t im a te  o f th e ir  m o le c u la r  

w e ig h t,

1 8S rR N A  has no re p ro d u c ib le  s ec o n d a ry  s tr u c tu r a l  fe a tu re s  

w h en  s p re a d  fo r  e le c tro n  m ic ro s c o p y  in  80% fo rm a m id e . M a jo r  

lo o p s  do, h o w e v e r , o c cu r b o th  in  2 8S r R N A  and in  the  

t r a n s c r ib e d -s p a c e r  re g io n s  o f r p r e  R N A  (F ig  1 , 1 , b ) (W e lla u e r  

& D ^ w id , 1 973 , 1974; W e lla u e r  e t a l . , 1974b ), T h e  p o s itio n  o f these  

loops is  s im i la r  in  a l l  s p ec ies  e x a m in e d  but the  s iz e  of the  

loops  d if fe rs  b e tw ee n  s p e c ie s . rR N A  and r  p re  R N A  c o n ta in  a 

h ig h e r  p ro p o rt io n  o f s e c o n d a ry  s tru c tu re  in  m a m m a ls  th an  in  lo w e r  

v e r te b r a te s .  P a r t ic u la r ly  n o tic e a b le  is  the v a r ia t io n  in  the  

e x te rn a l tr a n s c r ib e d -s p a c e r  re g io n . T h is  accounts  fo r  m u ch  o f 

th e  v a r ia t io n  in  s iz e  o f r  p re  R N A  d u rin g  v e r te b ra te  e v o lu tio n  

(T a b le  1, 3) (S c h ib le r  e t a l . , 1 97 5 ),

T h e  m a jo r  s t r u c tu r a l  fe a tu re s  o b s e rv e d  upon e le c tro n  m ic ro s c o p y  

o f rR N A  a r e  thought to  be h a irp in  loops based  on the fo rm a tio n  o f 

lo n g  d o u b le -h e lic a l re g io n s . T h e s e  loops a re  s ta b il iz e d  by h ig h  

G + C co n ten t. M e a s u re m e n ts  o f h y p o c h ro m ic ity  have  c o n firm e d  

th a t 1 8S rR N A  has l i t t l e  s e c o n d a ry  s tru c tu re  in  fo rm a m id e  s o lu tio n s .
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U n d e r  th e s e  co n d itio n s  28S r R N A  re ta in s  s e c o n d a ry  s tru c tu re  

in  re g io n s  w hose m e lt in g  p ro p e r t ie s  suggest a v e r y  h ig h  G + C 

c o n ten t (W e lla u e r  & D a w id , 1973 , 1 974 ),

G o d w in  e t a l , , (1 9 7 4 ) c a r r ie d  out e le c tro n  m ic ro s c o p y  on 

p re p a ra t io n s  o f la r g e  fra g m e n ts  o f L - c e l l  28S rR N A  re s is ta n t  to  

d ig e s tio n  by T^  r ib o n u c le a s e . T h is  show ed th a t the  G - C  r ic h  

fra g m e n ts  r e ta in  a h ig h  p ro p o r t io n  o f th e ir  s e c o n d a ry  s tru c tu re  

even  in  80% fo rm a m id e . A, v e r y  h ig h  p ro p o rtio n  o f the fra g m e n ts  

h a ve  b ra n c h e d  s tru c tu re s . M e a s u re m e n ts  o f co n to u r le n g th  

su g g ested  th a t th e  b ra n c h e s  c o rre s p o n d  to 120 -  260  base  p a irs .  

H o w e v e r , m e lt in g  p r o f i le s  suggest th a t the b a s e -p a ir in g  is  

im p e r fe c t .  F r o m  th e ir  a p p e a ra n c e  in  e le c tro n  m ic ro g ra p h s  

i t  a p p e a rs  th a t th e  fra g m e n ts  h ave  b een  c le a v e d  f r o m  the  m a jo r  

s tr u c tu r a l  loops o f w h o le  28S r R N A , N o  p re c is e  lo c a tio n  in  the  

2 8S s tru c tu re  has b een  suggested .

D a ta  on r  R N A  s e c o n d a ry  s tru c tu re  g a in ed  f r o m  e le c tro n  

m ic ro s c o p y  and o p tic a l m e a s u re m e n ts  a g re e  w e l l .  T h e  

p re d o m in a n t fe a tu re  o f 18S s e c o n d a ry  s tru c tu re  is  th e  fo rm a tio n  o f 

s h o rt base p a ire d  loops c o n ta in in g  ro u g h ly  equal p ro p o it io n s  

o f A  -  U and  G - C  base p a ir s .  S im i la r  fe a tu re s  a r e  p re s e n t in  

2 83  rR N A ., but in  a d d it io n  th e re  a re  re g io n s  in  288  r R N A 's  o f 

a ty p ic a l s e c o n d a ry  s tru c tu re .  T h e s e  a re a s  have  a h ig h  co nten t 

o f G - C  p a irs  in  v e r te b ra te s  and  a h ig h  co n ten t o f A  -  U p a irs  in  

lo w e r  e u k a ry o te s . A - U  b ase  p a irs  a re  not seen in  e le c tro n



22.

m ic ro s c o p ic  s tud ies  b ecau se  th e y  a re  fu l ly  d e n a tu re d  by the  

c o n d itio n s  used . A n y  h ig h  G - C  re g io n s  o f v e r te b r a te  1 8S r  R N A 's  

a r e  m u c h  s h o r te r  th an  in  the c o rre s p o n d in g  28S rR N A , B ecau se  

o f th is  th e y  h ave  not b een  d e te c te d  as re p ro d u c ib le  fe a tu re s  in  

e le c tro n  m ic ro s c o p y ,

C ox  e t a l,  , ( 1973 , 1 9 7 6 b ) h ave  s u m m a r iz e d  the data  on 

rR N A  s e c o n d a ry  s tru c tu re  and  m a d e  suggestions on th e ir  

e v o lu t io n a ry  s ig n if ic a n c e  (F ig ,  1 ,4 ) ,  I t  is  suggested  th a t in  both  

m a jo r  rR N A . sp ec ies  th e re  is  a re g io n  o f 50 -  55% G + C  content 

w h ic h  is  ccnserved th ro u g h  e u k a ry o té  ■ e v o lu tio n . T h is  a g re e s  

w ith  the fin d in g s  of h y b r id iz a t io n  s tu d ies  (S in c la ir  & B ro w n ,

I 97 I ;  B ir n s t ie l  & G ru n s te in , 1 97 2 ), T h e  e x a c t s iz e  of th is  

c o n s e rv e d  re g io n  is  u n c e r ta in  bu t a p p e a rs  to  a p p ro a c h  the  

s iz e  o f the  rR N A .*s  o f the s m a lle s t  r ib o s o m e s , the r ib o s o m e s  

o f v e r te b ra te  m ito c h o n d r ia  (D a w id  & C h ase , 1 9 7 2 ), In  

a d d itio n  th e re  a re  n o n -c o n s e rv e d  re g io n s  w hose base  

c o m p o s itio n  v a r ie s  f r o m  78% G + C in  ra b b it  to  25% G + C  

in  d ro s o p h ila . T h e  s iz e  o f th e  n o n -c o n s e rv e d  a re a s  in  28S  

rR N A  in c re a s e s  th ro u g h  e v o lu tio n . N o n -c o n s e rv e d  a re a s  

in  18S rR N A  a re  s m a lle r  and a p p ro x im a te ly  co n stan t in  s iz e .

E x te n s iv e  c o n s e rv a tio n  o f som e re g io n s  o f rR N A  th ro u g h o u t 

e u k a ry o te  e v o lu tio n  suggests th a t th e y  a r e  im p o r ta n t  in  r ib o s o m e  

fu n c tio n . I t  is  l ik e ly  th a t th e s e  c o n s e rv e d  a re a s  o f h ig h  

m o le c u la r  w e ig h t rR N A  a r e  in v o lv e d  in  those in te ra c t io n s , such
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as tR N A  binding, w h ic h  a r e  co m m o n  to  a l l  r ib o s o m e s . T h e  

sequences o f the n o n -c o n s e rv e d  re g io n s  in  rR N A  h ave  changed  

ra p id ly  in  e v o lu tio n . B ecau se  o f th is  th e y  a re  u n lik e ly  to  be 

o f im p o rta n c e  fo r  fu n c tio n s  w h ic h  a r e  com m on to a l l  r ib o s o m e s .  

N e v e r th e le s s  the id e n t if ic a t io n  o f th e s e  a ty p ic a l re g io n s  a t 

d e fin e d  p o s itio n s  p ro v id e s  u s e fu l m a r k e r s  in  rR N A . and r  p re  R N A ,

I t  shou ld  be p o s s ib le  to  lo c a te  the  s ite s  o f in te ra c t io n  o f r R N A  

w ith  o th e r m o le c u le s  r e la t iv e  to  th e s e  fe a tu re s .

One in s ta n c e  o f s p e c if ic  in te r a t io n  b e tw een  h ig h  m o le c u la r  

w e ig h t rR N A . and o th e r e le m e n ts  o f th e  t ra n s la t io n a l m a c h in e ry  

has b e en  n o ted  in  p ro k a ry o te s , S te itz  & J.akes (1 9 7 5 ) d e m o n s tra te d  

the  fo rm a tio n  o f a c o m p le x  b e tw ee n  the  3 '- t e r m in u s  o f E , c o li  

16S r R N A  and the R 1 7  A. p ro te in  m R N A  in i t ia t o r  re g io n . B a c te r ia l  

1 6S r R N A 's  d i f fe r  in  th e ir  3* t e r m in a l  sequence. B e c au s e  o f th is  

th e  d e g re e  of b ase  p a ir in g  p o s s ib le  w ith  a p a r t ic u la r  m e s s e n g e r  

v a r ie s  b e tw ee n  s p e c ie s . T h is  suggests  th a t p ro k a ry o t ic  m e s s e n g e rs  m a y  

be ta i lo r e d  to in te r a c t  o p t im a lly  w ith  th e ir  own 1 6S rR N A , The  

3 ' - t e r m in a l  sequence o f e u k a ry o tic  1 8S rR N A  a p p e a rs  to  be 

in v a r ia n t ,  A. m e s s e n g e r  re c o g n it io n  s ys te m  id e n t ic a l to  th a t in  

b a c te r ia  canno t th e re fo re  be fo rm u la te d  fo r  e u k a ry o te s . T h is  m a y  

be one re a s o n  w h y  i t  is  d i f f ic u lt  to  e x p re s s  b a c te r ia l  genes in  

e u k a ry o tic  c e lls , and  v ic e  v e r s a .

In te ra c t io n s  b e tw ee n  h ig h  m o le c u la r  w e ig h t rR N A . and  

r ib o s o m a l p ro te in s  a re  w e l l  d o cu m en ted  in  p ro k a ry o t ic  s y s te m s .
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(R e v ie w  b y  Z im m e r m a n , 1 97 4 ), M u c h  le s s  in fo rm a t io n  is  

a v a ila b le  on e u k a ry o te s . T h e r e  a re  in s ta n c e s  in  E , c o li o f a  

s in g le  p ro te in  b in d in g  to s ite s  in  1 6S r R N A  w h ic h  a r e  w id e ly  

s e p a ra te d  in  the  p r im a r y  seq u en ce . Such in te ra c t io n s  a re  

n o t e a s ily  e x p la in e d  by the s im p le  h a irp in - lo o p  s e c o n d a ry  

s tru c tu re  as p ro p o s e d  by E h re s m a n n  e t a l , , (1 9 7 2 ) (M a c k ie  

& Z im m e r m a n , 1 9 7 5 ), Im m u n o -e le c tr o n  m ic ro s c o p ic  

s tu d ies  h ave  re v e a le d  th a t s in g le  r ib o s o m a l p ro te in s  can, in  

som e in s ta n c e s , b in d  a t  tw o  w id e ly  s e p a ra te d  s ite s  on the  

r ib o s o m e  (T is c h e n d o r f  e t a l ,  , 1 97 5 ), T h is  suggests  th a t  

th e s e  p ro te in s  p ro b a b ly  h ave  ex ten d ed  r a th e r  th an  g lo b u la r  

c o n fig u ra tio n s . C o m p le te  e x p la n a tio n  o f R N A -p r o te in  in te ra c tio n s  

in  the  r ib o s o m e  w i l l  h ave  to  ta k e  acco u n t o f the t e r t i a r y  s tru c tu re  

o f both  typ es  o f m o le c u le ,

1, 2 , 5, 2 L o w  M o le c u la r  W e ig h t rR N A .

N e ith e r  58 n o r  5. 88 r R N A  is  la r g e  enough to  be v is ib le  by  

e le c tro n  m ic ro s c o p y . H o w e v e r , a c o n s id e ra b le  am o u n t o f  

p r im a r y  s t r u c tu r a l  in fo rm a t io n  is  a v a ila b le  on both  typ es  o f 

m o le c u le . F r o m  th e s e  data  i t  has been  p o s s ib le  to  c o n s tru c t  

s e c o n d a r y -s t r u c tu r a l  m o d e ls .

T h e  p r im a r y  sequences o f a l l  the m a m m a lia n  58 R NA ^s  

s tu d ie d  a re  id e n t ic a l  e xc e p t fo r  one m in o r  v a r ia t io n  (M o n ie r ,  1974  

r e v ie w ) .  A  n u m b e r o f s e c o n d a ry  s tru c tu re  m o d e ls  h ave  been  

c o n s tru c te d  (M o n ie r ,  1974; N is h ik a w a  & T a k e m u ra , 1 9 7 4 ), T h e s e
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m o d e ls  d if fe r  w id e ly  in  the d e g ree  of b a s e -p a ir in g  w h ich  they  

p ro p o s e . M o d e ls  w h ic h  m a x im iz e  b a s e -p a ir in g  seem  to  b es t 

e x p la in  w hy som e re g io n s  o f the m o le c u le  a re  a tta c k e d  by n u c leases  

w h ils t  o th e r  r e g i o n s  a r e  re s is ta n t .

A n  in te rm  ole c u la r  in te ra c t io n  has been p o s tu la ted  b etw een  

5S RNA. and tR N A , P ro k a ry o te  5 S R N A 's  have an in v a r ia n t  

G - A - A - C  sequence w h ich  is  c o m p le m e n ta ry  to  G - T - y  -C  found  

in  tR N A  ('Jordan, 1 97 1 ). E u lca ry o tic  5S RNA. has G - A - U - C  in  

the  p o s itio n  co rres p o n d in g  to  G - A - A - C  in  p ro k a ry o te s . B ase  

p a ir in g  is  p o s s ib le  b e tw een  th is  sequence and G - A - U - C  w h ich  

o c cu rs  in  e u k a ry o tic  in i t ia t o r  tR N A  in  p lace  o f G - T - y - C  

(N ish ikaw a  & T a k e m u ra , 1974; S im s e k  et a l . , 1973 ), Such 

in te ra c tio n s  could  be the s ite  o f tR N A  re c o g n itio n  by the r ib o s o m e .  

C o m p le te  n u c leo tid e  sequences have been d e te rm in e d  fo r  

5, 8S R N A  o f r a t  h ep ato m a (N a z a r  e t a l, , 1975a) and y e a s t (R u b in  

1 973 ). In  a d d itio n , c o m p a ris o n  has been m ade o f p a r t ia l  

sequence data f ro m  a n u m b e r o f o th e r e u k a ry o tic  species (K h an  

& M a d e n , 1 9 7 6 ; N a z a r  e t a l.  , 1975b; N a z a r  e t a l.  , 197 6), The  

n u c leo tid e  sequences o f m a m m a lia n  5, 8S rR N A 's  ap p ears  to  be 

hom ologous a t a l l  p o in ts  excep t th e ir  end groups (Na?;ar e t a l.  ,

1 976 ). T h e re  is  even  c o n s id e ra b le  hom ology (70% ) betw een

the 5, 88 R N A 's  o f spec ies  as w id e ly  s e p a ra te d  by e vo lu tio n  as r a t

and  y ea s t. S eco n d ary  s tru c tu re  m o d e ls  w h ich  m a x im iz e  base

p a ir in g  have been p ro p o sed  fo r  both these  m o le c u le s  (N a z a r  e t a l,  1975b),
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D e s p ite  the in c o m p le te  h o m o lo g y  o f p r im a r y  sequence the  

s e c o n d a ry  s tru c tu re  m o d e ls  h ave  v e r y  s im i la r  o v e r a l l  la y o u t.

1. 3 A im s  of the  P r o je c t

E u k a ry o t ic  rR N A . co n ta in s  c o n s id e ra b le  n u m b e rs  o f

m é th y la tio n s  and p s e u d o u rid y la tio n s . S p e c ific  la b e ll in g  o f

14
m e th y l groups w ith  C -M e  M e th io n in e  has m ade th is  typ e  o f 

m o d if ic a t io n  a c c e s s ib le  to  in v e s tig a tio n . D a ta  a r e  a v a ila b le  

b oth  on the  o v e r a l l  n u m b e rs  o f m e th y l groups and the p r im a r y  

sequences in  w h ic h  th e y  o c c u r . N o  s p e c if ic  ra d io a c t iv e  la b e l  

is  a v a ila b le  fo r  p s e u d o u rid in e . L e s s  d ir e c t  m eth o d s  o f

d e te c tio n  (s e e  b e lo w ) h ave  b een  n e c e s s a ry  w hen  s tu d y in g  th is  

typ e  o f m o d if ic a t io n .

T h e  p s e u d o u rid in e  co n ten t o f R N A 's  is  u s u a lly  e x a m in e d  

b y c o m p le te  h y d ro ly s is  o f the RNA, fo llo w e d  by c h ro m o to g ra p h ic  

s e p a ra tio n  o f the p ro d u c ts . M e th o d s  o f s e p a ra tin g  y  p f r o m  U p  

in c lu d e  c h ro m a to g ra p h y  o r  io n  exchange co lum ns (G l i tz  & D e c k e r ,  

1963; A m a ld i & A t t a r d i ,  1968 ) o r  on W h a tm a n  p a p e r (u s in g  the  

s y s te m  of W y a tt , 1951 , as re p o r te d  b y  F e l ln e r ,  1969 , o r  the  

s y s te m  o f S ingh & L a n e , 1 9 6 4 ), o r  on th in  la y e r s  (N is h im u r a ,  

1972; R u b in , 1 97 3 ). T h e  p ro c e d u re  o f G litz  & D e c k e r  (19 63) 

y ie ld e d  e x c e lle n t  re s o lu tio n  o f y p  f r o m  Up, but the  la r g e  n u m b e r  

o f fra c tio n s  w h ic h  w e re  o b ta in e d  m a d e  the m e th o d  la b o r io u s .

T h e  f i r s t  a im  o f th is  p ro je c t  w as to d eve lo p  a s y s te m  fo r  

c o m p le te  re s o lu tio n  o f y p  f r o m  Up by  a d a p ta tio n  o f m ic ro m e th o d s  

a lr e a d y  in  use fo r  R N A  sequence a n a ly s is . T h is  m e th o d  in v o lv e d
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a lk a lin e  o r r ib o n u c le a s e  d ig e s tio n  o f R N A , base c o m p o s itio n  

a n a ly s is  by e le c tro p h o re s is  a t pH  3. 5, and tw o -d im e n s io n a l  

p a p e r c h ro m a to g ra p h ic  s e p a ra tio n  of y p  fro m  Up using  the so lven t 

s y s te m  of W y a tt (1 9 5 1 ). T h e  m eth o d  w as used f i r s t  to 

q u a n tita te  y p  in  d ig ests  o f rR N A  and r  p re  R N A  fro m  H e L a  c e lls .  

L a te r  the sam e type  of a n a ly s is  w as c a r r ie d  out on rR N A  fro m  

s e v e ra l o th e r e u k a ry o te s . T h e  re s u lts  obta ined  w e re  c o n s id e re d  

in  the l ig h t  of L a n e 's  suggested  c o r re la t io n  betw een  yfp and 2' -0 -M e »

A m a ld i and A t ta r d i  u sed  co lu m n  c h ro m a to g ra p h y  to  in v e s tig a te  

s h o rt o lig o n u c le o tid e s  conta in ing  y p  in  d igests  o f H e L a  c e ll rR N A ,  

T h e ir  study m ad e  no a tte m p t to lo c a te  y p  in  in d iv id u a l sequences  

lo n g e r  th an  tr in u c le o t id e s . T h e  techn iques  o f RNA. f in g e rp r in t in g  

and sequencing a n a ly s is  can be used  to c h a ra c te r iz e  n u c leo tid es  

p ro d u ced  by  r ib o n u c le a s e  d ig e s tio n  o f qu ite  s m a ll am ounts of 

ra d io a c tiv e  R N A , M a d e n  and S a lim  (1 9 74 ) used  these  techn iques  

to  in v e s tig a te  m e th y la te d  sequences in  d igests  o f H e L a  c e ll rR N A ,  

T h e  second o b je c tiv e  o f th is  p ro je c t  w as to ap p ly  R N A  f in g e rp r in tin g  

techn iques  to the study o f y p  in  1 88 rR N A  o f th is  c e ll  l in e . In  

p a r t ic u la r  I  have a tte m p te d  to  id e n tify  y p  in  long unique  

o lig o n u c le o tid e s  p ro d u ced  by d ig e s tio n  o f the RNA. w ith  e ith e r  

T^ r ib o n u c le a s e  o r a c o m b in a tio n  o f T̂  ̂ r ib o n u c le a s e  and b a c te r ia l  

a lk a lin e  phosphatase.

The  s ites  o f m é th y la tio n  in  rR N A  a p p ea r to  have no p r im a r y  

s tru c tu ra l  fe a tu re  in  co m m on. I t  m a y  be th a t the s ite s  o f seco n d ary



m o d ific a tio n s  a re  d e te rm in e d  by p a r t ic u la r  secondary s tru c tu ra l  

fe a tu re s . The exact lo c a tio n  o f secondary  m o d ifica tio n s  w ith in  

rR N A  m olecu les  is unknown.

As discussed above, regions of unusual primary and secondary 

structure have been detected in eukaryotic rRNA, These regions 

have high G + C  content in  vertebrates and high A + U  content in 

lower eukaryotes. Fragments of high G + C  content can be isolated 

from  the products of digestion of vertebrate 28S rRNA with 

ribonucleases under m ild  conditions.

The th ird  aim of this project was to study the products of 

T^ ribonculease digestion of H eLa-ce ll 28S rRNA under m ild  

conditions, A large G-C rich  fragment was purified cn sucrose

d en isty  g ra d ien ts . The p ro p e rtie s  o f th is  fra g m e n t w e re  in ves tig a ted . 

P a r t ic u la r  a tten tio n  was p a id  to the le v e l of m o d ifie d  nucleotides  

p re s e n t. E x p e rim e n ts  w e re  a lso  c a r r ie d  out to  in v es tig a te  the 

deg ree  of secondary  s tru c tu ra l in te ra c tio n  in  the fra g m e n t.
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C h a p te r  2 . M a te r ia ls  and  M e th o d s  

C h e m ic a ls

A l l  c h e m ic a ls  used  w e re  A n a la R  re a g e n ts  f r o m  

B , D , H , L td , , P o o le , D o rs e t  w ith  the e xc e p tio n  o f those  l is te d  

b e lo w ,

T r i to n  X  -  100

T w e e n  80

T o lu e n e

2, 5 d ip h e n y lo x a zo le  (P P O )

K o c h  -  L ig h t  L a b o ra to r ie s  L t d , , 

C o ln b ro o k e , E n g lan d ,

C a lf  S e ru m

F o e ta l  C a lf  S e ru m

A m in o  A c id s

V ita m in s

P e n ic i l l in

S tre p to m y c in

T r y p s in  

B a ctopeptone  

Y e a s t e x t r a c t

B io -C u lt  L a b o ra to r ie s  L t d , , 

P a is le y , S co tlan d ,

G laxo  P h a rm a c e u t ic a ls , L o n d o n ,

D ifc o  L a b o r a to r ie s ,  M ic h ig a n ,  
U. S. A ,

K o d ir e x K D  5 4T  (3 5  x  4 3 ) c m  

X - r a y  f i lm  

D X  -  80 D e v e lo p e r  

F X - 4 0  X - r a y  l iq u id  f ix e r

K o d a k  L t d , ,
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C e llu lo s e  A c e ta te  

E le c tro p h o re s is  s tr ip s
O xo id  L td , , L ondon

W h a tm a n  D E 81 p a p e r

(4 6  cm  X 50 m )

W h a tm a n  N o , 52 & 3 m m  p a p e r
H . R eeve  -  A n g e l & Co, L td , 

Lo n d o n ,

C e llo g e l S tr ip s  (2 . 5 x 9 5  c m )

R ib o n u c le a s e s

(c r y s ta l l in e )  (m a d e  b y

(S ankyo  C o . L t d . ,  Jap an )
C a lb io c h e m  L td . ,

A c t in o m y c in  D  (200  p g / v ia l )
H e r e fo r d ,  E n g lan d .

P a n c r e a t ic  R ib o n u c le a s e

( c h r  o m a to g ra p h ic a lly  
ho m o g en eo u s)

B a c te r ia l  A lk a lin e  P h o s p h a tas e W  o rM n g to n  B io c h e m ic a l

(e le c t r o p h o r e t ic a l ly  p u r if ie d ) C o rp o ra t io n  v ia  C a m b r ia n

S n a k e  ven o m  p h o s p h o d ie s te ra s e C h e m ic a ls  L t d , , L ondon .
- -  ■ - ...................- — i

32 32
P  -o rth o p h o s p h a te  ( P i;

10 m C i /m  m o l)  c a r r i e r  f r e e

(in  s o lu tio n  in  d i l ,  H G l.

Li “(m e th y l-^ '^ C ) m e th io n in e

( 50 m C i /m  m o l)

(s u p p lie d  as a s o lid )

R a d io c h e m ic a l C e n tre ,  

A m e r  sh am .



B ro m o c re s o l p u rp le

try p a n  re d  

x y le n e  cyan o l F F

eo s in e

f lu o re s c e in
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M a y  & B a k e r  L t d , , 
D a g e n h am , E n g lan d .

G, T .  G u r r ,  L t d , , 

London

D e o x y c h o lic  A c id  (S o d iu m  S a lt)  

D e o x y r ib o n u c le a s e  (R N a s e  f r e e )  

C y to c h ro m e  C T y p e  V I

S ig m a C h e m ic a l C o. L td , , 

L o n d o n

S o lu tio n s

B a la n c e d  S a lts  S o lu tio n  (BSS; E a r le ,  1943)

BSS co n ta in ed  0 ,1 1 6  M  N a C l,  5, 4 m M  K C l,  1 m M  M g 5 0 4 ,

1 m M  N a  P O ^ , 1, 8 m M  C a C l^  and 0, 002% ( W /U )  phenol 

re d . T h e  pH  o f the  s o lu tio n  w as  a d ju s te d  to  7, 0 w ith  5, 6%

( W /V )  N a  HCO ^.

T r y p s in /  V e rs e n e

V e rs e n e  4 p a r ts ,  t r y p s in /c i t r a t e  1 p a r t  ( W /U )  :

V e rs e n e  0. 6 m M  E D  TA. in  P B S (A ),

P h o sp h ate  B u f fe re d  S a lin e  ( A ) (P B S (A )) 0. 17 m  N a C l, 3. 4 m M  K C l ,  

1 0 m M  N a^ H  P O ^  and 2. 4 m M  K H ^  P O ^ ,

T r y p s in /  C it r a te

0 ,2 5 %  ( W /U )  t r y p s in ,  10, 5 m M  N a C l,  1, 0 m M  so d iu m  c it r a te  and  

0 , 002%  phenol re d  a d ju s te d  to  p H  7. 8 w ith  N a O H .
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RSB  (R e tic u lo c y te  S a lt B u f fe r )

O .O lM N a C l,  0 , 0015 M  M g C l^ , 0, 01 M  t r is - H C l ,  p H  7. 4 ,

H SB  (H ig h  S a lt B u f fe r )

0 . 7 M  N a C l, 0. 07 M  M g C l^ , 0 , O IM  t r i s - H C l ,  pH  7. 4 ,

S U P  (S o d iu m  d o d ecy l s u lp h a te -U re a -P h o s p h a te  b u ffe r )

0, 5% ( W /V )  SDS, 0. 5 M  U re a , 0 . 01 M  N a  phosphate , pH  7, 0 

L E T S  ( L i t h iu m - E D T A - t r is  -  S odium  d o d ecy l su lphate  b u ffe r )

Og 1 M  L i  C l, 0. 01 M  E D  T A , 0 , 01 M  t r is  -  H C l,  0. 2% SDS, pH  7, 4, 

P a p e r  e le c tro p h o re s is  dye m ix tu re

1% x y le n e  cyan o l F .  F ,  2% o ran g e  G; 1% a c id  fus ch in ,

P A G E  dye /  s u cro s e  m iix tu re

try p a n  re d , 5 g / l;  x y le n e  c ya n o l F F ,  2 g / l ;  eo s in e , 10 g /1; 

b ro m o p h e n o l b lu e , 2 g / l ;  b ro m o c re s o l p u rp le , 2 g /1 ; f lu o re s c e in ,

10 g /1 ; s u cro se  500 g /1 .

S c in t illa n ts

S c in t il la t io n  counting  o f non-aq u eo u s  s am p les  w as c a r r ie d  out 

in  s c in t i l la n t  p re p a re d  by d is s o lv in g  5 g o f 2, 5 d ip h en y l o xazo le  (P P O )  

in  one l i t r e  o f to lu en e .

C ounting  o f aqueous s a m p le s  w as c a r r ie d  out in  s c in t i l la n t  

p re p a re d  by  d is s o lv in g  5g P P O  and 0, 5g p -B is  ( 0 -m e th y l s ty ry l)  

b en zen e  (B is -m S B ) in  650 m l to lu en e  and 350 m l tr itQ n  X - 100,

C e lls  and G ro w th  M e d ia  

C e lls

H e L a  c e lls  (G e y  e t a l , , 1 952 ), L 9 2 9  c e lls  (S an fo rd  e t a l,  , 1948)
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and Xenopus la e v is  k id n ey  c e lls  (o r ig in a lly  a g ift fro m  D r ,  K . Jones) 

grow ing  in  m o n o la ye r c u ltu re  and axe n i c A m oebae of d ic tyo s te l iu m  

d isco id iu m  grow n in  suspension c u ltu re  (W atts  & A s h w o rth , 1970) 

w e re  used in  th is  study.

M e d ia

(1) Monolayer cells were grown in slightly modified Eagle's 

MEM (Eagle, 1959) with the addition of serum to 10% /V /V ) (Calf 

serum for HeLa and L929 cells, foetal calf serum for Xenopus 

laevis cells), penicillin (100 units/m l) and streptomycin sulphate 

(100 pg/m l), Xenopus laevis cells also required the addition of 

non-essential amino acids to 1%, The constituents of the medium are 

shown in table 2, 1,

32
F o r  la b e llin g  w ith  P i ,  c e lls  w e re  grow n in  m ed iu m  w ith  

/ 9 th (1 ,0  X 10 M ) the co n cen tra tio n  of phosphate o f the m e d iu m  

d e s c rib e d  above,

14
W hen c e lls  w e re  la b e lle d  w ith  C -m e th io n in e  the re g u la r

m e d iu m  w as re p la c e d  by "m inus  m e th io n in e"  E a g le 's  m ed iu m

-5
contain ing 5% d ia ly ze d  s e ru m , and 2 x 1 0  M -ad e n o s in e  and  

guano sine and 10 ^ M  sodium  fo rm a te  to b lock e q u ilib ra tio n  o f 

m e th y l la b e l w ith  the "o n e -c a rb o n  pool" and p u rin e  b io syn th etic  

pathw ay (W ino cour e t a l , ,  1965; M ad en  & S a lim , 1974),

(2 ) D ic ty o s te liu m  d is co id u im  c e lls  w e re  g row n ro u tin e ly  in  

axen ic  liq u id  m e d iu m  (W a tts  & A sh w o rth , 1970)

32whose constituents  a re  shown in  tab le  2. 2, a . F o r  la b e llin g  w ith  P i



T A B L E  2.  1

E a g le 's  M in im u m  E s s e n t ia l M e d iu m  (m o d if ie d )

A m in o  A c id s m g /L V ita m in s m g /L

L -a r g in in e  H C l 1 2 6 .4 D -C a  pan to th en ate 2. 0

L -  cys tin e 24, 0 C h o lin e  c h lo r id e 2, 0

L -g lu ta m in e 2 9 2 . 3 F o l ic  a c id 2 , 0

L -h is t id in e  H C l 4 1 . 9 i  - In o s ito l 4. 0

L - is o le u c in e 52, 5 N ic o tin a m id e 2, 0

L - le u c in e 52, 5 P y r id o x a l H C l 2 , 0

L “ly s in e  H C l 73 . 1 R ib o fla v in e 0. 2

L -m e th io n in e 14. 9 T h ia m in e  H C l 2 . 0

L  “ p h e n y la la n in e 33. 0

L -th r e o n in e 4 7 . 6

L - t ry p to p h a n 1 0 .2

L “ty ro s in e 36, 2

L “ v a lin e 4 6 .9

IN O R G A N IC  S A L T S  A N D  O T H E R  C O M P O N E N T S

C a C l 200

D -g lu c o s e 4 500

M g  S0^_ 98

K C l 400

N a C l 6800

N a H ^ P O ^  EH^O 140

P h e n o l R e d  (N a ) 10

P e n ic i l l in 10 u n its  

10® H-g



T A B L E  2.  2

(a ) A x e n ic  L iq u id . M e d iu m

1 l i t r e  conta ins  : -

B ac to p ep to n e  14, 3g

Y e a s t  e x t r a c t  6. 16g

G lu co se  1 5 ,4 g

N a ^ H  P O ^  0, 52 g

K H ^  P O ^  0. 48 g

pH  6. 7

(b ) M E S  H L  5 M e d iu m  

1 l i t r e  co n ta in s  : -

B ac to p ep to n e  10g

Y e a s t  e x t r a c t  5g

M o rp h o lin e  e th a n e su lphon ie  a c id
(M E S ) L  1 g

pH  6. 4
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th e  c e lls  w e re  g ro w n  in  lo w -p h o s p h a te  M E S  H L  5 m e d iu m  (ta b le  2, 2 , b) 

as d e s c r ib e d  b y  F i r t e l  and  L o d is h  (1 9 7 3 ),

M e th o d s

2 . 1. G ro w th  and R a d io a c tiv e  L a b e ll in g  of T is s u e  C u ltu re  c e lls .

2 , 1, 1 R o u tin e  M a in te n a n c e  o f C e lls

(a ) H e L a  and L 9 2 9  c e lls  w e re  m a in ta in e d  ro u t in e ly  as m o n o la y e r  

cu ltu î’es in  ro ta t in g  " b u r l é r  " b o ttle s  (80  oz, c le a r -g la s s  W in c h e s te r )  

a c c o rd in g  to  the  m e th o d  o f H o u se  & W ild y  (1 9 6 5 ), 25  x  10^ c e lls

w e r e  seeded  in to  180 m l  o f m e d iu m  and  g ro w n  a t 3 7 °C  fo r  3 -4  days  

in  là 5% CO^ a tm o s p h e re . W h e n  th e  c e lls  w e re  a t  a d e n s ity  o f

1 5 0 -  200 X 10^ p e r  b u r  1 e r ' th e y  w e re  h a rv e s te d  w ith  t r y p s in /v e r s e n e  

(s e e  b e lo w ),

(b ) X enopus la e v is  c e lls  w e re  m a in ta in e d  as m o n o la y e rs  in  R o u x  

b o tt le s , 5 x 1 0 ^  c e lls  w e re  seeded  in to  50 m l  o f m e d iu m  and g ro w n  

a t  2 5 ®C in  a 5% CO ^ a tm o s p h e re . A f t e r  3 - 4  days th e  c e lls  w e re  

h a rv e s te d  w h en  a t  a d e n s ity  o f 2 5 -3 0  x  10^ c e lls  p e r  b o tt le .

F o r  s e r ia l  p assag in g  c e lls  w e re  counted  on a h a e m o c y to m e te r  

th e n  seeded  and g ro w n  as a lr e a d y  d e s c r ib e d . C e ll  c u ltu re s  w e re  

m a in ta in e d  and c o n ta m in a tio n  checks w e re  c a r r ie d  out by the s ta ff  

o f the W e llc o m e  C e l l  C u ltu re  U n it ,

C o n ta m in a tio n  checks

A l l  s te r i le  m e d ia  and p a ss a g ed  c e lls  w e re  ch ecked  r e g u la r ly  

fo r  b a c te r ia l ,  fu n g a l o r  P P L O  in fe c t io n  as fo l lo w s ; -

B a c te r ia l  c o n ta m in a tio n

A liq u o ts  w e re  g ro w n  on b lood  a g a r  p la te s  and b r a in - h e a r t
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in fu s io n  b ro th  a t 3 7 °C , R e s u lts  w e re  c o n s id ered  n eg ative  

i f  no g ro w th  w as seen w ith in  7 days,

F u n g a l c o n ta m in a tio n

A liq u o ts  w e re  added to Saboura.ud's m e d iu m  and grow n  

a t  3 2 °G , A g a in , no g ro w th  a f te r  7 days was assu m ed  to  

in d ic a te  the absence o f fu n g a l c o n ta m in a tio n .

P P L O  in fe c tio n

PPLO agar plates were seeded with passaged ce lls  by 

piercing the agar surface with a charged Pasteur pipette. The 

plates were grown in an atmosphere of 5% CO in N at 37®C
Ù 2

fo r  7 days and e x a m in e d  m ic ro s c o p ic a lly  fo r  the  c h a ra c te r is t ic  

" f r ie d  egg" ap p ea ra n ce  o f P P L O  c o lo n ie s ,

2 , 1. 2 R a d io a c tiv e  la b e llin g

32
L a b e llin g  c e lls  w ith  P O ^ ,

(a ) H e L a  and L 9 2 9  c e lls .

T o  p re p a re  ^^P O ^ la b e lle d  R N A  30 x  10^ c e lls  w e re  seeded  

in to  a b u r 1er and g ro w n  fo r  48 hours  a t 3 7 °C  as p re v io u s ly  d e s c rib e d . 

A f t e r  th is  t im e  the m e d iu m  w as p o u red  o ff and w as re p la c e d  w ith  

50 m l  o f m e d iu m  co n ta in in g  1 /1 0th the n o rm a l c o n ce n tra tio n  o f 

phosphate. L o w e r in g  the am o u n t o f u n la b e lle d  phosphate p re s e n t  

d u rin g  la b e llin g  in c re a s e d  the uptake of ra d io a c tiv e  phosphate in to  

the  c e lls ,

3210 m C i o f P i  w as added to each b u r .1er and the  c e lls  w e re
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a llo w e d  to g ro w  a t 3 7 °C  fo r  a fu r th e r  1 6 -1 8  h o u rs  b e fo re  

h a rv e s t in g .

(b ) X eno pus la e v is  c e l ls .

R o u x  b o ttle s  w e re  seed ed  a t  6 x  10^ c e lls  / b o ttle  and g ro w n

fo r  4 8  h o u rs  a t  2 5 ° C , R e g u la r  m e d iu m  w as th en  re p la c e d  w ith

32
15 m l /b o t t le  o f " lo w  p h o sp h a te"  m e d iu m  and 3 -4  m C i o f P i  

w e re  added . T h e  c e lls  w e r e  g ro w n  fo r  a fu r th e r  1 6 -B h o u rs  b e fo re  

h a rv e s t in g .

F o r  the  p re p a ra t io n  o f p u re  328  n u c le o la r  RNA. a c t in o m y c in  D

(4 0  p g /m l)  w as  added  30 m in s  b e fo re  h a rv e s tin g . (R o b e rts o n  & MadeUj,

(1 9 7 3 ), T h is  in h ib its  the  syn th es is  o f new  458  R N A  and a llo w s  the

e x is tin g  458  sp ec ies  to  be p ro c e s s e d  to  s m a lle r  R N A  s p e c ie s ,

le a v in g  none to  c o n ta m in a te  328  RNA. p re p a ra tio n s ,

14
L a b e ll in g  of H e L a  c e lls  w ith  -  M e th io n in e

14 6
F o r  the  p re p a ra t io n  o f C -m e th y l la b e lle d  R N A  5 x 1 0  c e lls

w e re  seeded  in to  R o u x  b o ttle s  and  a llo w e d  to g ro w  a t 3 7 °G  fo r  24

h o u rs . T h e  n o r m a l m e d iu m  w as  th en  re m o v e d  and the c e lls  w e re

w ash ed  w ith  25 m l  o f " M e t -m in u s "  m e d iu m . T h is  w as p o u re d  o ff

14
an d  a fu r th e r  50 m l o f the sam e m e d iu m  w as added , 125 p C i C H ^ -  

m e th io n in e  w as th en  ad d ed  to  each  b o ttle  and the  c e lls  w e re  g ro w n  

a t 3 7 °C  fo r  tw o  days m o r e .  A f t e r  th is  t im e  c u ltu re s  w e re  h a rv e s te d  

w ith  t r y p s in /v e r s e n e .



37.

2. 2 , P r e p a r a t io n  o f R N A  fr o m  T is s u e  C u ltu re  c e lls .

Q u a n tit ie s  o f re a g e n ts  g iv e n  in  th is  s ec tio n  r e f e r  to
g

o p e ra tio n s  on 1 b u r 1er co n ta in in g  10 c e lls . W h e re  

d if fe r e n t  n u m b e rs  o f c e lls  w e re  in v o lv e d  th e s e  q u a n titie s  w e re  

a lte r e d  p ro p o r t io n a te ly ,

2 .2 . 1

C e ll  H a rv e s t in g

G ro w th  m e d iu m  w as  p o u re d  o ff  and the c e lls  w e re  

w as h e d  tw ic e  w ith  20 m l  o f t r y p s in /v e r s e n e  w h ic h  h ad  been  

p re w a rm e d  to  3 7 °C . A f t e r  the  second w as h in g  a few  m l  

o f t r y p s in /v e r s e n e  w as  le f t  in  the  b o ttle  and the c e lls  w e re  

in c u b a te d  fo r  a fe w  m in u te s  a t  3 7 °C . D u r in g  th is  t im e  the  

c e lls  w e re  seen to  d is lo d g e  f r o m  the  g la s s . W h en  a l l  the  

c e lls  had  b eco m e d e ta ch e d  th e y  w e re  ta k en  up in  40 m l  o f 

ic e -c o ld  b a la n c e d  s a lts  s o lu tio n  c o n ta in in g  10% ( U /U )  s e ru m ,  

to  n e u tr a liz e  t r y p t ic  a c t iv i ty ,  an d  t r a n s fe r r e d  to a 50 m l  tube  

on ic e .. .  T h e  c e lls  w e re  p e lle te d  by c e n tr ifu g a t io n  a t 2 , 000 rp m  fo r  

2 m in s  in  an M S E  M is t r a l  4 L  C e n tr ifu g e  a t 4 ° C .  T h e  c e ll  p e l le t  

w as  w as h e d  tw ic e  by re s u s p e n s io n  in  25 m l b a lan ce  s a lts  s o lu tio n  

fo llo w e d  by  c e n tr ifu g a t io n  as b e fo re ,

2 . 2 . 2 C e ll  F r a c t io n a t io n

C e lls  w e re  fra c t io n a te d  in to  cy to p lasm , n u c le o li and n u c le o p la s m  

b y  th e  m e th o d  of P e n m a n  ( 19 69). A l l  o p e ra tio n s  w e re  c a r r ie d  

out a t  4 ° C ,

(a ) S e p a ra tio n  o f n u c le i and c y to p la s m
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T h e  w ashed  c e ll  p e lle t  w as th o ro u g h ly  d ra in ed , v ig o ro u s ly  

resu sp en d ed  in  4 m l h ypoton ic  RSB and the c e lls  a llo w e d  to  

s w e ll fo r  1 0 -1 5  m in s . T h e  c e ll suspension w as h o m o g en ized  w ith  

15 s tro k es  of a s ta in le s s  -s te .e llD ounce h o m o g e n ize r (c le a ra n c e  

0, 0 0 3 " ), T h e  hom ogenate  w as t r a n s fe r r e d  to 15 m l C o re x  te s t  

tubes and c e n tr ifu g e d  a t 2, 000 r ,  p. m . fo r  2 m in s . A f te r  

c e n tr ifu g a tio n  the s u p ern a ta n t w as c a re fu lly  re m o v e d  fro m  the  

p e lle te d  m a te r ia l  us in g  a P a s te u r  p ip e tte . T h is  p e lle te d  m a te r ia l  

w as w ash ed  by resu s p e n s io n  in  a fu r th e r  2 m l RSB and c e n tr ifu g e d  

as b e fo re .

S u p ern atan t f ro m  th is  w ash in g  w as re m o v e d  and added to  

th a t a lre a d y  c o lle c te d . T h is  poo led  su p ern a tan t w as now tre a te d  as 

b ein g  c y to p las m  and p e lle te d  m a te r ia l  w as tre a te d  as be ing  n u c le i,

(b ) S ep a ra tio n  o f n u c le o li f r o m  n u c leo p la sm  

T h e  n u c le a r  p e lle t  w as w ash ed  once w ith  2 m l  RSB and  

resu sp en d ed  th o ro u g h ly  in  4 m l R S B , 0, 6 m l M a g ic  (2 p a rts  

1% T w e e n  80, 1 p a r t  10% S odium  d eoxychb late  )was added and  

the te s t tube w as v o rte x e d  fo r  15 seconds to en su re  thorough  

m ix in g . The p re p a ra tio n  w as c e n tr ifu g e d  a t 2, 000 r .  p. m , 

fo r  2 m in s . and the re s u lt in g  su p ern a ta n t d is c a rd e d .

T h is  p ro c e d u re  s tr ip s  o ff the  o u te r n u c le a r  m e m b ra n e  a long  

w ith  any re m a in in g  c y to p las m  and a ls o  re m o v e s  any re s id u a l  

u n b ro ken  c e lls .

The  p e lle t  w as resu sp en d ed  in  2 m l HSB conta in ing  100 pg



D N A as e . T h is  ac tio n  caused the n u c le i to ru p tu re  re su ltin g  

in  a m a rk e d  in c re a s e  in  the v is c o s ity  of the p re p a ra tio n . The  

m ix tu re  was heated  a t 37 °C  w h ils t being p ipetted  re p e a te d ly  w ith  

a P a s te u r  p ip e tte . A f te r  1 -2  m in s , the v is c o s ity  o f the p re p a ra tio n  

d e creased  and a l l  v is ib le  clum ps of m a te r ia l  w e re  d isp ersed .

The preparation was rapidly cooled on ice and layered onto a 

16 ml, 15-30% Sucrose-HSB gradient in the small bucket of a 

Beckman SW 27 ro to r. Gradients were spun at 17000 r .p . m. 

fo r 20 m ins, at A fte r centrifugation a sm all pellet of

nucleoli remained at the bottom of the gradient, The gradient 

supernatant was poured off and the pellet was first drained and

then c a re fu lly  w ashed w ith  2 m l RSB, tak ing  c a re  not to d is tu rb  

the p re c ip ita te d  m a te r ia l ,

2. 2. 3 P u r if ic a t io n  of R N A

(a ) C y to p lasm ic  R N A .

The pooled c y to p las m ic  supernata it was brought to ro o m  

te m p e ra tu re  and m ade to 0. 5% w ith  SDS. An equal vo lum e of 

w a te r  s a tu ra te d  phenol w as added and the p re p a ra tio n  was 

v o rte x e d  in te rm it te n t ly  fo i  5 m in s . F o llo w in g  th is  the m ix tu re  

w as sep ara ted  by c en trifu g a tio n  fo r  20 m in s , a t 3500 r.p. m . a t 

20 °C . The aqueous la y e r  was re m o ve d  and m ade to 0, 2 M  in  

N a C l, vo lum es of cold ethanol was added and the p re p a ra tio n

w as p laced  at -2Q °C  to a llo w  p re c ip ita tio n  o f R N A .

A f te r  4 hours sam ples w e re  cen trifu g ed  fo r  30 m in s . at 

3500 r ,  p, m . and the ethanol was poured  off. P re c ip ita te d
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b.
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Bottom Top

Fig. 2.1 O.D, Profiles of rPNA after sucrose gradient 
centrifugation.
(a) Cytoplasmic RNA, 1 0 - 2 ^ %  sucrose-LSTS,
(b) Heat treated 2SS RNA, 10-2^9^ sucrose-LETS.
(c) Nucleolar RNA, 15-30/j sucrose-LETS.



R N A  was d ra in ed , d isso lved  in  1 m l L E T S  and la y e re d  onto a

37 m l,  10 - 25% Sucrose -  L E T S  g ra d ie n t in  the la rg e  buckets

o f the SW 27 ro to r . G rad ie n ts  w e re  c en trifu g ed  a t 22, 000 r .  p .m .

fo r  16 hours a t 2 0 ° G in  a B eckm an  L 2 50  u ltra c e n tr ifu g e . T h ey

w e r e  then fractionated by p u m p i n g  through the ^ c m  flow cell of a Gilford

recording spectrophotometer and m onitoring the optical density 

at 260 n .m , (see fig , 2,1 a). 

Fractions corresponding to 28S and 18S rRNA were collected 

and precipitated twice w ith ethanol to remove sucrose and SDS,

After the second precipitation RNA was dissolved in water and its 

specific activity determined as follows:- RNA concentration was 

d e te rm in e d  by m e a s u re m e n t of optical density at 260 nm assuming 

the re la tio n s h ip  E  j  “ 25̂  and ra d io a c tiv ity  was assayed  by

liq u id  s c in tilla t io n  counting o f 10 X a liquots  in  tr ito n /to lu e n e  

s c in tilla n t. R N A  sam ples  w e re  s to re d  a t - 2 0 °C  u n til re q u ire d  

fo r  use,

10^ ce lls  g e n e ra lly  y ie ld e d  about 500 [ig o f 2 88 RNA. and  

250 [jLg IBS R N A  each contain ing 5 -1 0  x  1 o"̂  cp m /p g .

(b) N u c le o la r  RNA.

N u c le o li w e re  resuspended in  1 m l.  SUP (S o e iro  et a l 1968) 

by re p e a te d ly  p ip ettin g  w ith  a P a s te u r  p ip e tte  and a g ita tio n  w ith  

a glass ro d . T h is  p ro cess  took 1 5 -3 0  m in s . N u c le o la r  RNA. was  

e x tra c te d  w ith  w a te r  s a tu ra te d  phenol as d escrib ed  fo r  cy to p lasm ic  

R N A  and 2^ vo lum es o f ethanol was added. A fte r  p re c ip ita tio n  a t
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-2 0 ° G  fo r  s e v e ra l h ours  R N A  w as p e lle te d  by c e n tr ifu g a tio n  a t 

3, 500 r .  p. m . fo r  30 m in s , a t 4 °G , R N A  was d ra in ed  of 

eth an o l, d is so lv ed  in  L E T S  and la y e re d  onto 15-30%  sucrose  

-L E T S  g ra d ie n ts . G rad ie n ts  w e re  c en trifu g ed  at 22, 000 r . p ,  m , 

fo r  16 hours a t 2 0 °G  and fra c tio n a te d  as p re v io u s ly  d esc rib e d  

(see fig . 2, 1 c). F ra c t io n s  corresp o n d in g  to 45S and 32S w e re  

c o lle c te d  and p re c ip ita te d  tw ice  w ith  e thano l. S p ec ific  a c t if ic ity  

w as then m e a s u re d  and sam ples  s to red  a t - 2 0 °G .

5 . 8S RNA was prepared from 28S rRNA (Maden & Robertson 1974), 

After the first ethanol precipitation 28S rRNA was dissolved  

in 1, 0 ml L E T S  and heated at 6 0 °G for 5 mins with frequent 

agitation. T h e  preparation was rapidly cooled on ice, layered  

onto a 37 m l 10 -  25% sucrose  -  L E T S  g ra d ie n t and c en trifu g ed  

a t 22, 000 r .  p. m . fo r  16 h ours  a t 20° G. G rad ie n ts  w e re  

fra c tio n a te d  as b e fo re  and peaks co rresp o n d in g  to 28S and 5. 8S w e re  

c o lle c te d  (f ig , 2 . 1 b ). G a r r ie r  R N A  was added to  the 5, 8 S sam p le , 

R N A sw ere  p re c ip ita te d  tw ic e  w ith  e thano l. S p ec ific  a c t iv ity  was  

assayed  and R N A  s to re d  a t -2 0  °G  u n til  re q u ire d  fo r  use.

(c ) P re p a ra t io n  of H n RNA. (F r a s e r  e t a l. , 1973)

F o r  p re p a ra tio n  of H n  RNA. a c tin o m y c in  D (0 . 04 p g /m l)  was

32added to the c e lls  30 m in u te s  b e fo re  the ad d itio n  of P O ^ .

T h is  c o n cen tra tio n  o f a c tin o m y c in  s e le c tiv e ly  suppresses rR N A  

synthesis  w ith o u t a p p a re n t e ffe c t on H n  o r m e s s e n g e r R N A  

syn th es is . The  c e lls  w e re  h a rv e s te d  a fte r  3 hours  in cu b atio n  w ith
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32 P O ^. and n u c le i p re p a re d  fro m  th em . N u c le o li and n u c leop lasm  

w e re  sep ara ted  on HSB g rad ien ts  as d escrib ed  above. R N A  

w as e x tra c te d  fro m  the sup ern a tan t o f HSB g rad ien ts  (n u c leo p lasm ) 

using w a te r  s a tu ra te d  phenol. N u c le a r  R N A  was fra c tio n a te d  

by c en trifu g a tio n  on 15-30%  Sucrose L e ts  g rad ien ts  a t 16, 000 

r .p . m, for 16 hours. Fractions sedimenting faster than 32S were 

pooled as Hn RNA and precipitated with ethanol.

2. 3 Preparation of Ribosomal RNA from Dictyostelium discoidium. 

Axenically growing amoebae of Dictyostelium discoidium  

were maintained in suspension culture in axenic liquid medium.

F o r  ra d io a c tiv e  la b e llin g , c e lls  of a th ird  passage w e re  grow n to 

a density  o f about 4 x  1 0 ^ /m l and then h a rve s te d  by cen trifu g a tio n  

a t 5, 000 r .  p. m . fo r  15 m in s . a t 4 °C . The c e ll p e lle t (ca  4 x  10^ 

c e lls ) was w ashed w ith  30 m l o f low -phosphate  M E S  H L 5  m ed iu m  and then

resuspended  in  1 00 m l of the sam e. The cu ltu re  was p laced  on a

32
s h aker tab le  a t 21 °C  fo r  30 m in s , a fte r  w hich  tim e  10 m C i PO  .

4

w as added. G ro w th  was a llo w e d  to continue fo r  18 hours by w hich  

t im e  ce lls  w e re  a t a density  of a p p ro x im a te ly  1, 2 x  1 0 ^ /m l. C e lls  

w e re  h a rv e s te d  by c e n tr ifu g a tio n  and w ashed once in  30 m l o f 

M E S  H L  5, The p e lle t  was re  suspended in  6 m l RSB contain ing  

75 p.1 N P T  12 d e te rg en t. The  p re p a ra tio n  was v o rte x e d  fo r  3 0 -4 5  

secs, to a llo w  c e ll ly s is  and then cen trifu g ed  a t 12, 000 r ,  p .m .  

fo r  15 m in s . T h e  su p ern atan t was rem o ved  and was m ade to 1% 

in  SDS. A ro o m  te m p e ra tu re  phenol e x tra c tio n  was c a r r ie d  out as
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a lr e a d y  d e s c r ib e d . A f t e r  c e n tr ifu g a t io n  o f the f i r s t  phenol 

e x tra c t io n  a la r g e  am o u n t o f f lo c c u la tin g  m a te r ia l  w as  p re s e n t  

a t  the in te r fa c e . T h e  lo w e r  (p h en o l) la y e r  w as  re m o v e d , fre s h  

p h en o l added  and the e x tra c t io n  re p e a te d . T h e  in te r fa c e  a f te r  

th is  second e x tra c t io n  co n ta in ed  l i t t l e  f lo c c u la tin g  m a t e r ia l  and  

th e  u p p e r (aq u eo u s) la y e r  w as  re m o v e d . R N A  w as  p re c ip ita te d  

f r o m  th is  la y e r  w ith  e th a n o l and fra c t io n a te d  on s u c ro s e  g ra d ie n ts  

as fo r  m o n o la y e r  c u ltu re d  c e lls .

2 . 4, R N A  f in g e rp r in t in g  tech n iq u e

T h e  tech n iq u es  o f RNA. f in g e rp r in t in g  and sequence a n a ly s is  

h ave  b een  c o m p re h e n s iv e ly  d e s c r ib e d  by S an g er e t a l  (1 9 6 5 ),

B ro w n le e  and S an g er ( 1967) and B ro w n le e  ( 1 972 ).

2 , 4 . 1 E n z y m ic  D ig e s t io n  o f RNA.

T h e  typ e  o f e n zy m e s  u sed  fo r  R N A  d ig e s tio n  depended upon the  

p u rp o s e  fo r  w h ic h  each  in d iv id u a l tw o  d im e n s io n a l s e p a ra tio n  w as  

re q u ire d .

(a ) T ]  r ib o n u c le a s e  and T^ r ib o n 'ic le a s e  p lus a lk a lin e  phosphatase

D ig e s t io n  o f RNA. w ith  T^ r ib o n u c le a s e  y ie ld s  o lig o n u c le o tid e s  

w ith  a g u a n y lic  a c id  a t the 3 ’ te rm in u s , S an g er e t a l  (1 9 6 5 )  

d e s c r ib e d  the o lig o n u c le o tid e  " g r a t ic u le s "  o b ta in e d  by  th is  type  

o f fra c t io n a t io n  (F ig .  2 . 2. a & b ). T h e  m o b il ity  o f 

o lig o n u c le o tid e s  is  in flu e n c e d  p a r t ic u la r ly  by the n u m b e r o f  

u r id y l ic  a c id  re s id u e s  p re s e n t. In c re a s in g  co n ten t o f u r id y l ic  

a c id  causes re d u c e d  m o b il i ty  in  the second d im e n s io n  o f the
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Fig. 2,2 T wo-dimentional fractionation of oligonucleotides after 
RNase digestion,

(a) Standard fingerprint.
(b) Long fingerprint.
(c) plus phosphatase fingerprint.

(Adapted from Brownlee,1972)
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f ra c t io n a t io n  s y s te m . A l l  o lig o n u c le o tid e s  in  the sam e  g ra t ic u le  

co n ta in  the sam e n u m b e r o f u r id y l ic  a c id  re s id u e s .

E le c tro p h o re s is  fo r  1 6 h r  in  th e  second d im e n s io n  (see  b e lo w )  

g ives  a good s e p a ra tio n  o f o lig o n u c le o tid e s  w h ic h  c o n ta in  no 

u r id y l ic  a c id  re s id u e s  but is  le s s  s a t is fa c to ry  fo r  o th e r g ra t ic u le s .

G ood re s o lu tio n  o f o lig o n u c le o tid e s  in  the "one U "  g ra t ic u le  

w a s  a c h ie v e d  by ex ten d in g  th e  d u ra tio n  o f e le c tro p h o re s is  in  the  

second d im e n s io n  to  40 h o u rs . O lig o n u c le o tid e s  co n ta in in g  tw o  

an d  th re e  u r id y lic  a c id  re s id u e s  w e re  b est s e p a ra te d  w hen  R N A  

w a s  d ig e s te d  w ith  a c o m b in a tio n  o f R N a s e  and b a c te r ia l  

a lk a lin e  phosphatase (" T ^  p lus  p h o s p h a ta se ") and th e n  s u b jec te d  

to  e le c tro p h o re s is  fo r  40 h o u rs  in  the second d im e n s io n . B a c te r ia l  

a lk a lin e  phosphatase d e p h o s p h o ry la te s  the  g u a n id y la te  re s id u e  

a t  the  3* te rm in u s  o f o lig o n u c le o tid e s  and in c re a s e s  th e ir  m o b il ity  

d u r in g  e le c tro p h o re s is  on D E A E  p a p e r (F ig ,  2 ,2  c ).

S am p les  w e re  p re p a re d  fo r  d ig e s tio n  by  ly o p h il is a t io n  in  s ilic o n !s e d  

te s t  tu b e s . D ig e s t io n  w ith  R N a s e  w as c a r r ie d  out w ith  an  

e n zy m e  to s u b s tra te  r a t io  o f one to  ten  o r  one to  tw e n ty  in  0, 02 M  

t r i s - H C l ,  0, 002 M  E D T A , pH  7 .4  fo r  3 0 -4 5  m in s . F o r  T j  p lus  

ph o sp h atase  d ig e s tio n  an e n zy m e  to  s u b s tra te  r a t io  o f one to tw e n ty  

fo r  both  en zym es  w as  u sed , d ig e s ts  b e in g  c a r r ie d  out in  0, 02 M  t r i s -  

H C l,  pH  8, 5 fo r  3 0 -4 5  m in s . E x a c t  d ig e s tio n  co n d itio n s  w e re  v a r ie d  

w ith  the a c t iv ity  o f the  p a r t ic u la r  e n zym e  p re p a ra tio n s  used .

In i t ia l  e x p e r im e n ts  w e re  c a r r ie d  out on 4 0 -5 0  pg a liq u o ts  o f R N A ,
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In  la t e r  e x p e r im e n ts  1 0 0 -1 2 0  pg am ounts  w e re  d ig e s ted . T h e

g r e a te r  a m o u n t o f r a d io a c t iv ity  a p p lie d  fa c i l i ta te d  subsequent

d e te c tio n  and q u a n tita tio n  o f m a t e r ia l ,

(b) P a n c re a t ic  R ib o n u c le a s e  and  T^ p lus P a n c re a t ic  R ib o n u cleases^

P a n c re a t ic  r ib o n u c le a s e  c le a v e s  R N A  to  y ie ld  o lig o n u c le o tid e s

w ith  e ith e r  a u r id y l ic  a c id  o r  c y t id y lic  a c id  a t th e ir  3 '- t e r m in u s .

T w o  d im e n s io n a l s e p a ra tio n  o f the  p ro d u c ts  of th is  typ e  o f d ig e s tio n

g iv es  f in g e rp r in ts  w ith  tw o  d if fe r e n t  sets o f g ra t ic u le s ;  one set

b e in g  o lig o n u c le o tid e s  te r m in a te d  by  u r id y lic  a c id  and the o th e r set

b e in g  o lig o n u c le o tid e s  te r m in a te d  b y  c y t id y lic  a c id , (F ig .  2 . 3 ).

R N A  d ig e s tio n  w ith  c o m b in ed  p a n c re a tic  and T^' R N A  ses

y ie ld s  a n u m b e r o f s h o rt o lig o n u c le o tid e  p ro d u c ts . T h e  m o b il ity

o f o lig o n u c le o tid e s  in  the second d im e n s io n  of the f in g e rp r in t in g

s y s te m  is  d e c re a s e d  by  in c re a s in g  contePt o f a d e n y lic  a c id

re s id u e s . O n ly  a c o m p a ra t iv e ly  s m a ll n u m b e r o f spots a r e  seen

in  th is  type o f f in g e r p r in t .  M a n y  m e th y la te d  spots a re

c o m p le te ly  s e p a ra te d  f r o m  n o n -m e th y la te d  sequences and m a y  

32
be v is u a liz e d  in  P  f in g e r p r in ts  (M a d e n  & S a lim , 1 9 7 4 .) ,

D ig e s tio n  w ith  both  p a n c re a t ic  R N A  se and c o m b in ed  Tj^ p lus  

p a n c re a t ic  R N a s e s  is  a c h ie v e d  b y  use o f id e n t ic a l co n d itio n s  to  those  

a lre a d y  d e s c r ib e d  fo r  R N a s e  a lo n e .

D ig e s tio n  o f am ounts  o f RNA. le s s  th an  50 pg w e re  c a r r ie d  out 

in  a v o lu m e  o f 5 X. A m o u n ts  o f RNA. g re a te r  th an  th is  w e re  d ig e s ted  

in  a v o lu m e  o f 10 X, A l l  d ig e s tio n s  w e re  c a r r ie d  out in  the  t ip  o f
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Fig.2.3 Fractionation of oligonucleotides after pancreatic 

RNase digestion*
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a d ra w n -o u t c a p i l la r y  a t 3 7 °C  in  a h u m id if ie d  oven and w e re  

a p p lie d  d ir e c t ly  to the f ra c t io n a t in g  s y s te m .

2 , 4 . Z 2 " D im e n s io n a l F ra c t io n a t io n

T h e  p ro d u c ts  o f e n z y m ic  d ig e s tio n  o f R N A  w e re  s e p a ra te d  

b y  tw o  d im e n s io n a l e le c tro p h o re s is .

S e p a ra tio n  in  the  f i r s t  d im e n s io n  w as c a r r ie d  out on c e llu lo s e  

a c e ta te  a t p H  3. 5. F o r  d ig e s ts  o f le s s  than  50 [j,g o f R N A  

m e m b ra n e  fo r m  c e llu lo s e  a c e ta te  w as  used . F o r  la r g e r  am ounts  

o f m a t e r ia l  c e llo g e l w as  u sed .

C e llu lo s e  a c e ta te  s tr ip s  (2 . 5 x 9 5  c m)  w e re  w e tte d  w ith  

7 M  u r e a ,  pH  3 , 5 b u ffe r  (5%  a c e tic  a c id , 7M  u re a , a d ju s te d  to  

p H  3, 5 w ith  p y r id in e )  and e xcess  b u ffe r  w as d r ie d c f f  f r o m  an  a re a  

about 10 cm  f r o m  one end. T h e  R N A  d ig e s t w as a p p lie d  to  th is  

d r ie d  a re a  in  the c e n tre  o f the  s tr ip .. M a r k e r  dye w as  a p p lie d  

on e ith e r  s ide o f the s a m p le  spot. T h e  w h o le  s tr ip  w as  b lo tte d  and  

q u ic k ly  p la c e d  o v e r  an e le c tro p h o re s is  r a c k  in  the e le c tro p h o re s is  

ta n k  w ith  the  end of the s t r ip  n e a re s t  to the s a m p le  d ipp ing  in to  

the cathode c o m p a rtm e n t. E le c tro p h o re s is  w as  c a r r ie d  out 

a t 4 , 8 K V  w ith  the  c e llu lo s e  a c e ta te  s t r ip  d ra w in g  v e r y  l i t t l e  

c u r re n t .

F o r  s ta n d a rd  T ^ , d ig e s ts , p a n c re a tic  d ig es ts  and  T^ p lus  

p a n c re a tic  d ig e s ts  the f i r s t  d im e n s io n  w as  g e n e ra lly  ru n  u n t il  

the d is tan ce  b e tw ee n  the  b lu e  m a r k e r  and s lo w e s t p in k  m a r k e r  

w as  about 3 5 c m s . In  the case o f long  T^ and T^ p lus phosphatase
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d ig e s ts  e le c tro p h o re s is  w as  co n tin u ed  u n t il  tlie  s lo w e s t p in k  

dye w as  2 cm  f r o m  the  anode b u ffe r .  F i r s t  d im e n s io n  runs  

on c e llo g e l s tr ip s  w e re  ab o u t 30%  fa s te r  th an  ru n s  on s ta n d a rd  

c e llu lo s e  a c e ta te  s t r ip s .

On c o m p le tio n  o f the f i r s t  d im e n s io n ,e le c tro p h o re s is  s tr ip s  

w e re  re m o v e d  f r o m  the ta n k  and excess  w h ite  s p ir i t  w as th en  

a llo w e d  to d r ip  o ff. T h e  fra c t io n a te d  o lig o n u c le o tid e s  w e re  

b lo tte d  onto a sh ee t o f D E A F  c e llu lo s e  p a p e r (D E 8 1 , 43 x  94 cm ) 

a t  a d is ta n c e  o f 10 c m  f r o m  one end w ith  a pad o f 5 s tr ip s  o f 

W h a tm a n  3 M M  p a p e r  so aked  in  w a te r .  A f t e r  a llo w in g  30 m in s , fo r  

t r a n s fe ra n e e  o f o lig o n u c le o tid e s  th e  w e tte d  a re a  o f the  D E A E  

s h ee t w as  d ipped  in  ab so lu te  a lc o h o l and w ash ed  fo r  about 2 m in s .  

T h is  p ro c e s s  re m o v e s  u re a  w h ic h  is  t r a n s fe r r e d  f r o m  the c e llu lo s e  

a c e ta te  s t r ip  w ith  the  o lig o n u c le o tid e s .

F o r  s ta n d a rd  T^ d ig e s ts  the t r a n s fe r  w as c a r r ie d  out w ith  

th e  b lu e  m a r k e r  dye on the  c e llu lo s e  a c e ta te  s t r ip  4 "  in  f r o m  the  

le f t -h a n d  edge o f the  D E A E  p a p e r . L o n g  T^ and T^ p lus  

phosphatase  o lig o n u c le o tid e s  w e re  b lo tte d  w ith  the  b lu e  dye 1 " 

f r o m  the  le f t -h a n d  edge. P a n c r e a t ic  and T^ p lus  p a n c re a t ic  

s e p a ra tio n s  w e re  t r a n s fe r r e d  w ith  the o r ig in a l p o in t o f d ig e s t  

a p p lic a tio n  about 1" f r o m  the  le f t  hand edge of the  s h ee t.

F o r  th e  second d im e n s io n  o f e le c tr o p h o r e s is ,m a r k e r  dye w as  

a p p lie d  and one h a l f  o f the  p a p e r  c a r e fu l ly  w e tte d  w ith  7% fo r m ic  

a c id . T h e  sh ee t w as  d ra p e d  o v e r  an  e le c tro p h o re s is  r a c k  and
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the o th e r  h a lf  w e tte d . T h e  r a c k  w as c a r e fu lly  lo w e re d  in to  

th e  e le c tro p h o re s is  ta n k  and e le c tro p h o re s is  c a r r ie d  out a t  

1 ,0 0 0 - 1 ,4 0 0  V .  E le c tro p h o re s is  w as  co n tin u ed  u n t i l  the  b lue  

dye had  t r a v e l le d  about 40%  o f the len g th  of the p a p e r  fo r  

s ta n d a rd  T ^ , p a n c re a t ic  and T^ p lus  p a n c re a tic  d ig e s ts  (1 6 -2 0  h r s ) .  

F o r  long  T^ and T^ p lus phosphatase  s e p a ra tio n s  e le c tro p h o re s is  

w as  co n tin u ed  u n til  the b lu e  dye had  t r a v e l le d  about 90% o f the  

le n g th  o f the  p a p e r (3 6 -4 0  h r s ) .

A f t e r  e le c tro p h o re s is  the  p a p e r w as th o ro u g h ly  d r ie d  in  an  

oven  u n til  no s m e ll o f fo r m ic  a c id  re m a in e d .

2 . 4 . 3 A u to ra d io g ra p h y .

35
T h e  D E A E  p a p e r w as  m a rk e d  w ith  in k  c o n ta in in g  S -s u lp h a te  

to  c o r r e c t  o r ie n ta t io n  and  w as  f ix e d  to sheets  o f  K o d ir e x  X - r a y  

f i lm .  A u to ra d io g ra p h y  w as  c a r r ie d  out in  le a d  fo ld e rs , k e p t  

in  a l ig h t - t ig h t  cu p b o ard . A f t e r  e xp o s u re  X - r a y  f i lm s  w e re  

d e ve lo p e d  in  D X -8 0  d e v e lo p e r  and f ix e d  in  F X - 4 0  f ix e r .

G e n e r a lly  2 p C i o f a p p lie d  m a t e r ia l  gave s a t is fa c to ry  a u to ra d io g ra m s  

o v e rn ig h t.

2, 4 , 4 R e c o v e ry  o f O lig o n u c le o tid e s  f r o m  F in g e r p r in ts .

(a ) E x c is io n  of O lig o n u c le o tid e s

A u to ra d io g ra p h s  w e re  a c c u ra te ly  a lig n e d  w ith  th e  c o rre s p o n d in g

35
D E A E  sheets  us in g  the m a rk in g s  m a d e  w ith  S c o n ta in in g  in k . T h e  

p o s itio n s  o f the  o lig o n u c le o tid e  "s p o ts "  w e re  m a rk e d  and  the spots  

w e re  e x c is e d  f r o m  the  sh ee t.
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F o r  q u a n tita tio n  o f r a d io a c t iv ity  in  each  spot the  e x c is e d  

p ie c e s  o f D E A E  p a p e r  w e re  p la c e d  in  s c in t i l la t io n  v ia ls  w ith  10 m l  

o f P P O /to lu e n e  and s u b je c te d  to  l iq u id  s c in t i l la t io n  counting . In  

th e  case o f spots c o v e rin g  a la r g e  a re a  the D E A E  p a p e r w as  cut 

in to  s e v e ra l p ie ce s  and each  p ie ce  counted  s e p a ra te ly ,

(b) E lu tio n  of O lig o n u c le o tid e s

O lig o n u c le o tid e s  a re  bound io n ic a l ly  to D E A E  p a p e r  and  i t  

is  n e c e s s a ry  to  n e u tr a liz e  th e  c h arg e  on the D E A E  in  o rd e r  to  

e lu te  th e m . T h is  w as  done by e lu tin g  w ith  a 30% aqueous so lu tio n  

o f t r ie th y la m in e c a rb o n a te , p H  10, E lu tio n  f r o m  W h a tm a n  

52 p a p e r w as  done w ith  w a te r  as th e re  a r e  no io n ic  c h a rg e s  to  

n e u tr a liz e  in  th is  c a s e . E lu t io n  w as  continued  u n t i l  0. 2 -  0. 4  m l  

h ad  b een  c o lle c te d  on a p o ly v in y l c h lo r id e  sh ee t, E lu a te s  w e re  

e v a p o ra te d  to d ry n es s  in  an  oven  a t  6 0 °C .

T r ie th y la m in e  c a rb o n a te  w as  m ad e  by adding p ieces  o f 

s o lid  CO^ to  a 30% s o lu tio n  o f aqueous r e d is t i l le d  tr ie th y la m in e  u n t il  

the  so lu tio n  b e c a m e  c le a r .  T h e  pH  w as  checked  to  be w ith in  the  

ra n g e  pH  9 .9  -  10, 1

2. 5 A n a ly s is  o f o lig o n u c le o tid e s  and R N A  

2. 5. 1 C o m p le te  H y d ro ly s is  of O lig o n u c le o tid e s  and R N A  

F o r  base c o m p o s itio n  a n a ly s is  and  fo r  s e p a ra tio n  o f 

p s e u d o u rid in e  f r o m  u r id in e ,o lig o n u c le o tid e s  and  w h o le  R N A  

s p ec ies  w e re  c o m p le te ly  h y d ro ly s e d . In  e a r ly  e x p e r im e n ts  

h y d ro ly s is  w as  c a r r ie d  out u s in g  d ig e s tio n  w ith  a lk a l i  w h e re a s
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in  la t e r  e x p e r im e n ts  d ig e s tio n  w as  ro u t in e ly  c a r r ie d  out u s in g

rib o n u c le a s e  in  co n ju n c tio n  w ith  T^ and p a n c re a tic  r ib o n u c le a s e s .

A lk a lin e  H y d ro ly s is  (B ro w n le e  1972 pp 7 6 -7 7 )

O lig o n u c le o tid e s  w e re  ta k e n  up in  10 p i o f 0, 2 N a O H  and  

s e a le d  in to  d ra w n  out c a p i l la r y  tu b e s . H y d ro ly s is  w as  e ffe c te d  

b y  in c u b a tin g  a t 3 7 ° C fo r  1 6 -1 8  h r .  T h e  h y d ro ly s a te  w as a p p lie d  

to  W h a tm a n  N o , 52 p a p e r as a 1 cm  s tre a k  and th en  s u b jec te d  

to  e le c tro p h o re s is  a t  pH  3. 5 fo r  40 m in s . a t 4 . 8 K V .  M o n o n u c le o tid e s  

w e r e  d e te c ted  by a u to ra d io g ra p h y  and q u a n tita te d  by l iq u id  s c in t i l la t io n  

co u n tin g .

H y d ro ly s is  w ith  R N a s e  (B ro w n le e , 1972 pp. 2 1 0 -2 1 1 )

T h e  s u b s tra te  w as  ta k e n  up in  10 p i o f a s o lu tio n  co n ta in in g  

2 . 0 u n its  p e r  m l  T ^  -  R N a s e  in  0. 0 5 M  a m m o n iu m  a c e ta te , pH  4 , 5 

c o n ta in in g  0, 05 m g  each  o f T^  -  and  P a n c re a t ic  R N a s e  p e r  m l .  

D ig e s t io n  w as c a r r ie d  out in  u n s e a le d  c a p il la r ie s  fo r  2 h rs .  a t 

3 7 °C  in  a h u m id if ie d  oven . D ig e s t io n  p ro d u c ts  w e re  then  

s e p a ra te d , d e te c ted  and q u a n tita te d  as d e s c r ib e d  fo r  a lk a lin e  

h y d ro ly s a te s .

H y d ro ly s is  w ith  T ^ -R N a s e  y ie ld s  o n ly  3 ' -  phosphates  

w h e re a s  a lk a lin e  h y d ro ly s is  re s u lts  in  a. m ix tu re  of 2 ' -  and  3 ' -  

p h o sp h ates . B ecau se  o f th is , e le c tro p h o re t ic  s e p a ra tio n  is  m u ch  

s h a rp e r  a f te r  T ^  -R N a s e  h y d ro ly s is  (F ig .  2 .4 a ) ,  W h en  o n ly  

b ase  c o m p o s itio n  d a ta  w as re q u ire d  th is  gave no d e te c ta b le  

a lte r a t io n  in  q u a n tita tio n s . H o w e v e r , w l ie n ’s tudy ing  the
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p re s e n c e  o f m in o r  com ponents  such as p s e u d o u rid in e  i t  w as  found  

th a t d ig e s tio n  gave m o re  re p ro d u c ib le  re s u lts  (see  re s u lts  

s e c tio n ). H o w e v e r , in  th is  m e th o d  i t  w as  e s s e n tia l to  use  

o n ly  a few  m ic r o g r a m s  o f s u b s tra te  in  10 p i o f d ig e s tio n  m ix ,  

to  e n s u re  c o m p le te  d ig e s tio n ,

2 , 5, 2 D e te c t io n  and  Q u a n tita tio n  o f P s e u d o u rid in e  

(a ) C h ro m a to g ra p h y , f i r s t  d im e n s io n

is  not s ig n if ic a n t ly  re s o lv e d  f r o m  U p by  e le c tro p h o re s is  

a t  pH  3 . 5. T h e r e fo r e  the  a r e a  c o n ta in in g  Up and TJJp w as  e x c is e d  

and  s titc h e d  to  a second sh ee t o f W h a tm a n  52 p a p e r 15 c m  fr o m  one 

end. D e s ce n d in g  c h ro m a to g ra p h y  w as  c a r r ie d  out fo r  40 h o u rs  in  

is o p ro p a n o l: H C l:  H^O (6 8 :1 7 , 6: 1 4 ,4  by v o lu m e; W y a tt , 1951;

F e l ln e r ,  1 9 6 9 ). P ig ,  2 ,4 b  shows an a u to ra d io g ra p h  o f such a 

s e p a ra tio n . F o r  ^a-ch ..sam ple th e re  is  a h e a v ily  d a rk e n e d  a re a  

c o rre s p o n d in g  to U p and a le s s  d a rk  a r e a  c o rre s p o n d in g  to  ^ p .

B e tw e e n  th ese  is  a d iffu s e  s tr e a k  due to  m a te r ia l  t r a i l in g  beh ind

th e  m a in  U p spot. T h is  t r a i l in g  w as  v a r ia b le  in  am o u n t bu t co u ld

n o t be e lim in a te d . C o n tro l e x p e r im e n ts  w ith  p u re  Up in d ic a te d

th a t fo r  h e a v ily  la b e lle d  s am p le s  a t  le a s t  2% o f Up t r a i le d  in to  the

a r e a .  T h is  d e g ree  o f t r a i l in g  w as  c o n s id e re d  a c c e p ta b le  in  the

a n a ly s is  o f s in g le  o lig o n u c le o tid e s  fo r  the  p re s e n c e  o r  absence  o f

T/Tp w hen  on ly  a p p ro x im a te  q u a n tita tio n  w as re q u ire d . H o w e v e r ,

w h en  a tte m p tin g  a c c u ra te  q u a n tita tiv e  a n a ly s is  of w h o le  R N A

s a m p le s , in  w h ic h  ^ p  is  p re s e n t to  th e  e x te n t o f o n ly  a few  p e rc e n t

o f the am o u n t o f Up an a d d it io n a l c h ro m a to g ra p h ic  stage w as  c a r r ie d  out.



F i g .  2 . 4

C o n s e c u tiv e  stages in  q u a n tif ic a t io n  o f y p ,

(a )  r ib o n u c le a s e  liy d ro ly s a te s  o f 1 8 S and 28 S R N A

w e re  s e p a ra te d  by e le c tro p h o re s is  on W h a tm a n  52

p a p e r in  5% a c e tic  a c id ; p y r id in e  b u ffe r ,  p H , 3, 5, fo r

40  m in  a t 4 , 8 K V .  T h e  p o s itio n s  o f the fo u r

m o n o n u c leo tid es  a r e  in d ic a te d . T h e  fa in t p ro d u c ts  a re

a lk a l i - s t a b le  com pounds; see le g e n d  to  T a b le  1 and M a  den

& S a l im  (1 9 7 4 ), A  v e r y  s m a ll a m o u n t o f m a t e r ia l  has

re m a in e d  bound to  d e n a tu re d  e n zym e  a t th e  o r ig in ;  th is

d id  no t o c c u r a f te r  a lk a lin e  h y d ro ly s is , (b ) T h e

re g io n  w h ic h  is  in d ic a te d  by  the in te r ru p te d  l in e  in  (a )

w as  e x c is e d , s titc h e d  to  a n o th e r sh ee t o f W h a tm a n  52

p a p e r and  c h ro m a to g ra p h e d  as d e s c r ib e d  in  M e th o d s .

yp d is p la y s  an " R ^ "  o f 0 , 8 (F e l ln e r ,  1 96 9 ). T h e re  is

a tra c e  o f G  - G  n e a r  the  o r ig in . T h is  s o m e tim e s  
m  p ^

o v e r la p s  ^ p  on e le c tro p h o re s is  but m ig ra te s  s lo w ly  on 

c h ro m a to g ra p h y . (c ) T h e  re g io n  in d ic a te d  by an  

in te rru p te d  lin e  in  (b ) fo r  28 S R N A , and a s im i la r  re g io n  

fo r  18 S R N A  (not s h o w n ),w e re  e x c is e d , s titc h e d  to  

a n o th e r sheet o f c h ro m a to g ra p h y  p a p e r and  

c h ro m a to g ra p h e d  a t  r ig h t  an g les  to  the  f i r s t  d im e n s io n .

T h e  second s e p a ra tio n  (v e r t ic a l  a x is ) w as s lig h t ly  

lo n g e r  th an  the f i r s t  ( le f t  to  r ig h t ) .
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(b ) C h ro m a to g ra p h y , second d im e n s io n

T o  c o m p le te  the s e p a ra tio n  o f ^ p  and Up, the a re a  shown  

in  F ig .  2. 4 , b w as e x c is e d  and  s titc h e d  to  a n o th e r sh ee t of 

W h a tm a n  52 p a p e r . D e s ce n d in g  c h ro m a to g ra p h y  w as  re p e a te d  

fo r  40  h o u rs  a t  r ig h t  a n g les  to  the f i r s t  d im e n s io n , u s in g  the  

sam e  s o lv e n t. F ig ,  2 ,4  C shows the re s u lt .  U p now  a p p e a rs  

as a h e a v ily  d a rk e n e d  spot w ith  a rm s  t r a i l in g  in  tw o d ire c tio n s  

a t r ig h t-a n g le s  to  one a n o th e r . T h e  m a te r ia l  w h ic h  t r a i le d  in  

th e  f i r s t  d im e n s io n  has ru n  n o r m a lly  in  the second, in d ic a tin g  

th a t th is  is  Up and  no t a d if fe r e n t  com pound o r  a b re a k d o w n  p ro d u c t, 

y p , h av in g  m ig r a te d  m o re  s lo w ly  in  both  d im en sio n s , is  c o m p le te ly  

s e p a ra te d  f r o m  U p  and its  t r a i l in g  a r m s . F o r  q u a n tita tio n  the  

re g io n s  o f the c h ro m a to g ra m  c o rre s p o n d in g  to Up and ^ p  w e re  

f i r s t  d iv id e d  by v is u a l in s p e c tio n . E a c h  re g io n  w as th en  cut 

in to  s u ff ic ie n t 2 c m  x  2 cm  s q u are s  fo r  s c in t i l la t io n  counting  o f a l l  

la b e lle d  m a te r ia l ,  in c lu d in g  the t r a i l in g  a rm s  o f U p , T o  check  

th e  s p illo v e r  o f Up in to  the  ^ p  a r e a  a c o n tro l e x p e r im e n t w as  c a r r ie d  

out. T h e  Up plus ^ p  a r e a  f r o m  e le c tro p h o re t ic  s e p a ra tio n  o f a 

T ^  d ig e s t w as s u b je c te d  to  c h ro m a to g ra p h y  in  one d im e n s io n .

T h e  m a in  U p  spot w as cut out, exc lu d in g  both  t r a i l in g  m a t e r ia l  and  

y p ,  and w as s u b je c te d  to  c h ro m a to g ra p h y  in  tw o  d im e n s io n s  as 

a lr e a d y  d e s c r ib e d . W h en  the  c h ro m a to g ra m  w as q u a n tita te d  i t  w as  

found  th a t the  am o u n t o f U p  in  th e  supposed y p  a re a  w as  v e r y  s m a ll  

(s e e  re s u lts ) .

S p e c tro s c o p ic  M e a s u re m e n ts  on U r id in e  and P s e u d o u rid in e

C y to p la s m ic  R N A  w as  e x tra c te d  f r o m  a p p ro x im a te ly
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g
5 x 1 0  u n la b e lle d  H e L a  c e lls .  T h is  u n fra c tio n a te d  R N A  w as  

d ig e s te d  w ith  0. 5 m l  o f s ta n d a rd  d ig e s tio n  m ix  fo r  2 h o u rs  a t  

3 7 °C  and th en  a p p lie d  as a 5 cm  s tr e a k  on W h a tm a n  3 m m  p a p e r .  

E le c tro p h o re s is  w as  c a r r ie d  out a t pH  3, 5 fo r  30 m in s , a t 4 , 8 

K V . A f t e r  d ry in g , the p a p e r w as  o b s e rv e d  u n d e r u l t r a v io le t  l ig h t  to  

v is u a liz e  th e  p o s itio n  o f m o n o n u c le o tid e s . T h e  fa s te s t  

m o v in g  band  o f m a t e r ia l  w as  cu t out and d e s ig n a te d  " u r id in e " ,

A  fa in te r  band m o v in g  ju s t  b eh in d  u r id in e  w as  cut out and  

d e s ig n a te d  "p s e u d o u rid in e ” . M a t e r ia l  f r o m  both  bands w as  

e lu te d  w ith  tr ie th y la m in e  c a rb o n a te  and fre e z e  d r ie d . T h e  

d r ie d  s a m p le s  w e re  ta k e n  up in  1 m l  each  o f 0 , 01 M  phosphate  

b u ffe r  p H  7, 0 and th e ir  u l t r a v io le t  s p e c tra  scanned on an  S P 8000  

s p e c tro p h o to m e te r , 100 p i o f 10 N  N a O H  w as  added to  each  

s a m p le  and th e ir  u . v , s p e c tra  w e re  a g a in  scanned , (s e e  

F ig .  2 , 5), A d d it io n  o f 0 , 1 v o lu m e s  o f 10 N  N a O H  to  0, 01 M  

p hosphate  b u ffe r  w as  found to  a l t e r  its  pH  f r o m  7, 0 to  12, 5

2 , 5, 3 D ig e s t io n  o f O lig o n u c le o tid e s  w ith  P a n c r e a t ic  R N a s è  

I t  w as u s e fu l to  d ig e s t T^ and  T^ p lus phosphatase o lig o n u c le o tid e s  

c o n ta in in g  a d e n y la te  re s id u e s  w ith  p a n c re a tic  R N a s e ,

S am p les  w e re  d ig e s te d  in  1 0 p i o f 0 , 01 M  t r i s - H C l ,  0 , 001 M  

E D T A , pH  7, 4 co n ta in in g  0, 2 m g /m l  p a n c re a tic  R N a s e , D ig e s tio n s  

w e re  c a r r ie d  out fo r  30 m in s , a t  3 7 ° C . S e p a ra tio n  of p ro d u c ts  

w as  a c h ie v e d  by e le c tro p h o re s is  on W h a tm a n  52 p a p e r  o f pH  3 , 5, 

P ro d u c ts  w e re  id e n t if ie d  e ith e r  by th e ir  m o b il ity  (B ro w n le e , 1972)
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o r  b y  base c o m p o s itio n  a n a ly s is ,

2 , 5, 4 , C o m p le te  D ig e s t io n  w ith  Snake V e n o m  P h o s p h o d ie s te ra s e  

T h is  typ e  o f d ig e s tio n  w as  u s e fu l in  d e te rm in in g  the  

5 *- t e r m in a l  n u c le o tid e  o f o lig o n u c le o tid e s  o f know n base  

c o m p o s itio n . D ig e s t io n  w as  c a r r ie d  out in  10 p i o f 0, 025 M  t r i s -  

H C l,  0, 01 M  M g  a c e ta te , pH 8, 5 co n ta in in g  0. 1 m g /m l  o f 

e n z y m e . In c u b a tio n  w as  fo r  2 h r s ,  a t 3 7 °C , T h e  m o n o n u c leo tid es  

w e re  s e p a ra te d  by  e le c tro p h o re s is  a t pH  3, 5 on W h a tm a n  52 

p a p e r ,

2, 6 P r e p a r a t io n  an d  P r o p e r t ie s  o f F ra g m e n ts  o f H e L a  28S rR N A  

2, 6. 1 P a r t ia l  D ig e s t io n  o f 28S rR N A  w ith  Tj^ R N a s e  

2 8S rR N A . w as  d ig e s te d  w ith  T^ R N a s e  u n d e r m ild  

co n d itio n s  b ased  on those d e s c r ib e d  by  C ox e t a l (1 9 7 3 ), 100 pg

s a m p le s  o f rR N A . w e re  in c u b a te d  fo r  1 h o u r a t 2 0 °C  in  80 p i 0 , O IM  

phosphate  b u ffe r  pH  7. 0 c o n ta in in g  0, 1 u n its  o f T^ R N a s e , T h e  

re a c t io n  w as  stopped b y  add ing  0, 7 m l  L E T S  and co o lin g  on ic e .  

S am p le s  w e re  la y e r e d  onto 10 -  25%  s u cro se  L E T S  g ra d ie n ts  in  

B e c k m a n  SW 40 b u cke ts  and w e re  c e n tr ifu g e d  a t 39 , 000 r ,  p, m , 

fo r  18 h o u rs  a t  2 0 °C , G ra d ie n ts  w e re  h a rv e s te d  and o p tic a l 

d e n s ity  a t 2 60 m , m , m o n ito re d  by pum ping  th ro u g h  the G ilfo r d  

s p e c tro p h o to m e te r . T h e  R ow  r a te  w as  set such th a t about 30 

f r a c t io n s  w e re  c o lle c te d  p e r  g ra d ie n t (see  f ig , 2, 6), G ra d ie n t  

f ra c t io n s  m a rk e d  A  w e re  po o led  and  20 -  30 pg co ld  c a r r ie r  r R N A  

w as  added , R N A  w as  p re c ip ita te d  w ith  2-| vo lu m es  o f e th a n o l.
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Fig 2*6 O.D* profile of products of partial digestion 

of Hela 28s rRNA after centrifugation on 

10-25/O sucrose-LETS gradients (conditions 

described in text)*
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A f t e r  one e th a n o l p r e c ip ita t io n  fra g m e n t A w as  p u r if ie d  by

re ru n n in g  on 15 -  30% L E T S  s u cro se  g ra d ie n ts  fo r  18 h r s ,  as

p re v io u s ly  d e s c r ib e d , A  s in g le  p e ak  o f a b s o rp tio n  a t 2 60 h, m ,

w as  o b s e rv e d  w h e n  g ra d ie n ts  w e re  fra c tio n a te d . T h e

fra c t io n s  d ir e c t ly  u n d e r th e  O . D , p eak  w e re  p o o led  and

c a r r i e r  R N A  w as ad d ed . P r e p a ra t io n s  w e re  p re c ip ita te d

tw ic e  w ith  e th an o l,

32
P  la b e lle d  28S R N A  w as  p a r t ia l ly  d ig es ted  w ith  T ^  R N a s e  

and  the  p ro d u c ts  s e p a ra te d  on 1 5 -  30% s u cro s e  g ra d ie n ts  as 

d e s c r ib e d  ab o ve , 10 X a liq u o ts  f r o m  each  f r a c t io n  w e re  ta k e n  

an d  a s s a y e d  fo r  r a d io a c t iv ity  in  10 m l  to lu e n e / t r i to n  s c in t i l la t io n  

f lu id  in  a P a c k a rd  T r ic a r b  s c in t i l la t io n  c o u n te r. F ig .  2 . 6 shows the  

d is tr ib u t io n  o f r a d io a c t iv ity  a c ro s s  th e  g ra d ie n t,

2 , 6, 2 P o ly a c r y la m id e  G e l E le c tro p h o re s is  

F r a g m e n t  A  p re p a ra t io n s  w e r e  a n a ly s e d  b y  e le c tro p h o re s is  

on p o ly a c ry la m id e  s la b  g e ls  (30  x  15 cm ) as d e s c r ib e d  by  

D e W a c h te r  & F ie r s  (1 9 7 1 ) .

S lab  g e ls  w e re  p o u re d  w ith  the  fo llo w in g  c o n s t itu e n ts :-  

6% a c r y la m id e , 6, 0 , 2% N N 'jM e th y le n e b is a c r y la m id e , 0 ,0 1 5 %

SDS, 1, 5 X 10 E D T A , 0, 08% A m m o n iu m  P e rs u lp h a te ,

0 .0 4 % , 0. 04% T E M E D ,  40 m M  t r is - a c e t ic  a c id  p H  8, 0. R N A  

s a m p le s  w e re  d is s o lv e d  in  0 , 05 m l  o f w a te r  and an eq u a l 

v o lu m e  o f d y e /s u c ro s e  m ix tu r e  w as  added . T h e  s am p le s  w e re  

lo a d e d  in to  the s lo ts  a t the to p  o f th e  ge l w ith  a s y r in g e .

E le c tro p h o re s is  w as  c a r r ie d  out w ith  a 40 m M  t r is - a c e t ic
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a c id  b u ffe r  s y s te m , pH  8. 0 a t 2 5 -3 0  m A  fo r  2 0 -2 4  h o u rs  a t 4 ° C ,  

G els  w e re  a u to ra d io g ra p h e d  u s in g  X - r a y  f i lm  in  a s im i la r  m a n n e r  

to  th a t d e s c r ib e d  fo r  e le c tro p h o re t ic  s e p a ra tio n s  on p a p e r.

T h e  m a in  b ands , v is u a liz e d  by  a u to ra d io g ra p h y , w e re  cut 

f r o m  the g e l fo r  fu r th e r  in v e s t ig a t io n  on d e n a tu rin g  g e ls  co n ta in in g  

6 M  u re a . In  th is  case  g e ls  co n ta in ed  9% a c r y la m id e , 0, 3% N N * -  

m e th y le n é b is a c ry la m id e , 0. 025%  SDS, 2 . 2 5 x 1 0  E D T A , 6M  

u r e a , 25 m M  c i t r ic  a c id , 0 ,0 1  g /1  fe r ro u s  s u lp h a te , 0, 15 g /1  

h y d ro g e n  p e ro x id e  and 0, 04% a s c o rb ic  a c id .

P ie c e s  f r o m  the f i r s t -d im e n s io n  g e l w e re  se t a t  the top  o f the  

d e n a tu r in g  s lab  in  a s ta c k e r  g e l o f the  sam e c o m p o s itio n  as th e  s la b  

e x c e p t fo r  the absence o f c i t r ic  a c id . D y e /s u c ro s e  m ix tu r e  w as  

a p p lie d  on top  o f th is  s ta c k e r  and  e le c tro p h o re s is  w as  c a r r ie d  out 

u s in g  6 M  u re a  b u ffe r  a t 1 5 -  20 ixlA fo r  1 6 -1 8  h r s ,  a t 4 °G ,  

A u to ra d io g ra p h y  w as  th en  c a r r ie d  out as p re v io u s ly  d e s c r ib e d ,

2 , 6, 3 E le c tr o n  M ic ro s c o p y  o f F ra g m e n t  A.

S am p le s  o f f ra g m e n t A  w e re  s p re a d  fo r  e le c tro n  m ic ro s c o p y  

w ith  the d ire c t io n  an d  a s s is ta n c e  o f D r .  L e s le y  C oggins  o f the  

B e a ts  on In s titu te  fo r  C a n c e r  R e s e a rc h , A. m o d if ie d  

K le in s c h m id t  tech n iq u e  w as  u s ed  b a se d  on those d e s c r ib e d  by  

R o b b e rs o n  e t a l , , (1 9 7 1 ), and  b y  W e lla u e r  and D a w id (1 9 7 3 ) ,

C a rb o n  f i lm s  w e re  p re p a re d  b y  s tr ip p in g  f r o m  f r e s h ly  

c le a v e d  m ic a  sheets  onto d is t i l le d  w a te r .  F i lm s  w e re  

lo w e re d  onto 4 0 0 -m e s h  c o p p e r g r id s  w h ich  had b een  d ipped  in
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1% po lyb u ten e  in  x y le n e  to  im p ro v e  ad h es io n .

F ra g m e n t  A  w as  d is s o lv e d  to  a c o n c e n tra tio n  o f 1 p g /m l  

in  200 p i o f s p re a d in g  s o lu tio n  (h y p e rp h a s e ) c o n ta in in g  4 M  

u r e a , 80% fo rm a m id e , 25 m M  E D T A  (pH  8, 5) and 30 p g /m l  

c y to c h ro m e  C (S ig m a , typ e  V I )  and  a llo w e d  to stand  fo r  

10 m in s .

T h e  h y p e rp h a s e  w as  s p re a d  on th e  s u rfa c e  o f the d is t i l le d

w a te r  hypopha^e by ru n n in g  the  s o lu tio n  s lo w ly  down a g lass

ro d . T h e  s u rfa c e  f i lm  w as d e te c te d  by dusting  the hypophase

w ith  ta lc u m  p o w d er and n o tin g  the a p p ea ra n ce  o f a c le a r  a re a

w h en  the h y p e r phase w as  s p re a d . C a rb o n  c o ated  g r id s  w e re

d ip p ed  in  e th an o l to  m a k e  th e m  h y d ro p h il ic  and th en  to u ch ed  onto

th e  s u rfa c e  o f the f i lm .  E a c h  g r id  w as d r ie d  on f i l t e r  p a p e r

- 5
an d  s ta in e d  b y  p la c in g  in  5 x  10 M  u ra n y l a c e ta te  in  90%  

e th a n o l (D a v is  e t a l .  , 1971 ) fo r  5 m in s . S am p le s  w e re  th en  

d e h y d ra te d  in  a b so lu te  e th a n o l and r o ta r y  shadow ed w ith  P t - P d  

(8 0 :2 0 ) a t an a n g le  o f 1 0 ° ,

G r id s  w e re  scanned  u n d e r the e le c tro n  m ic ro s c o p e  and a n u m b e r  

o f f ie ld s  w e re  p h o to g rap h ed ,

2 , 6, 4 . B is u lp h ite  M o d if ic a t io n  o f R N A .

R N A  w as  p re c ip ita te d  f r o m  e th an o l by c e n tr ifu g a t io n  and the  

p e lle t  d ra in e d . T h e  s a m p le  w as  d is s o lv e d  in  10 m M  M g C l^

3 M  so d iu m  m e ta b is u lp h ite , pH  6, 0. A n  a liq u o t w as  w ith d ra w n  

im m e d ia te ly  and d ilu te d  te n  t im e s  w ith  10 m M  C l^  ic e  to  

stop re a c tio n . T h e  r e m a in d e r  o f the s am p le  w as  in c u b a te d  a t
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2 5 °C  w ith  fu r th e r  a liq u o ts  b e in g  w ith d ra w n  a t s u ita b le  in te r v a ls .

A f t e r  the  f in a l  a liq u o t had  been  w ith d ra w n  the  re m o v a l o f  

b is u lp h ite  and d e s tru c t io n  o f b is u lp h ite  adducts w as  c a r r ie d  out 

as fo llo w s

( i )  B is u lp h ite  w as  re m o v e d  by  d ia ly s is  a g a in s t 0 . 15 M  N a C l,

20 m M  t r i s - H C l ,  p H  7, 5 and th en  a g a in s t 0. 1 5 M  NaCl>. 5 m M  t r i s -  

H C l,  pH  7, 5 fo r  tw o  h o u rs  each  a t 4 ° C ,

( i i )  R e m o v a l o f b is u lp h ite  adducts  w as  e ffe c te d  b y  d ia ly s is  a g a in s t  

0 , I M  T r is - H Q -  p H  9 . 0 a t 3 7 °C  fo r  18 h o u rs .

( i i i )  R N A  w as  n e u tr a liz e d  by  d ia ly s is  a g a in s t 20 m M  t r i s - H C l  

p H  7, 0 then  5 m M  T r i s - H C l  pH  7, 0 fo r  2 h o u rs  each  a t 4 ° C.

( iv )  F in a l ly  the  s am p le s  w e re  d ia ly s e d  e x te n s iv e ly  a g a in s t  

w a te r  a t  4 ° C  to  re m o v e  s a lt .
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C h a p te r  3

T h e  P s e u d o u r id y lic  A c id  C o n ten t o f E u k a ry o t ic  rR N A ,

P s e u d o u r id in e  has a t t ra c te d  l i t t l e  g e n e ra l a tte n tio n  as a 

m o d if ie d  n u c le o s id e  in  rR N A . T h is  m a y  be due, a t le a s t  in  p a r t ,  

to  a n a ly t ic a l  d if f ic u lt ie s  such as the  la c k  of a s p e c if ic  ra d io a c tiv e  

la b e l fo r  p s e u d o u rid in e . T h e  p s e u d o u rid in e  co n ten t o f R N A 's  

is  u s u a lly  e x a m in e d  by c o m p le te  a lk a lin e  o r e n z y m ic  h y d ro ly s is  

to  m o n o n u c leo tid es  (an d  a lk a l i - s t a b le ,  2 '0  m e th y l a te d , d in u c lo e tid e s ),  

fo llo w e d  by c h ro m a to g ra p h ic  s e p a ra tio n  of the  p ro d u c ts . M ethods  

o f s e p a ra tin g  p s e u d o u rid in e  3' ( 2 ')  phosphate  (^ p )  f r o m  u r id in e  3' (2 ')  

phosphate  (Up) in c lu d e  c h ro m a to g ra p h y  on io n  exchange co lum ns  

(G l i t z  and D e c k e r ,  1963; A m a ld i & A t ta r d i ,  1968) o r on W h a tm a n  

p a p e r  (u s in g  the  s y s te m  o f W y a tt , 1951 as re p o r te d  by F e l ln e r ,

19 69, o r  the  s y s te m  o f S ingh and  L a n e , 1964) o r  on th in  la y e r s  

(N is h im u r a ,  1972; R u b in , 1 9 7 3 ), T h e  p ro c e d u re  o f G litz  

& D e c k e r  (1 9 6 3 ) y ie ld e d  e x c e lle n t re s o lu tio n  o f l^p f r o m  U p , but 

th e  la r g e  n u m b e r o f fra c t io n s  w h ic h  w e re  o b ta in e d  re n d e re d  the  

m e th o d  la b o r io u s . T h e  m e th o d  u s ed  h e re  w as ad ap ted  fro m  

the  m ic ro m e th o d s  a lr e a d y  in  use fo r  R N A  sequence a n a ly s is  

(B ro w n le e , 1 97 2 ). I t  c o n s is te d  o f a lk a lin e  o r T ^  r ib o n u c le a s e  

d ig e s tio n  o f the  R N A , b ase  c o m p o s itio n  a n a ly s is  by  e le c tro p h o re s is  

a t pH 3, 5, and tw o  d im e n s io n a l p a p e r c h ro m a to g ra p h ic  s e p a ra tio n  

o f y p  f ro m  Up u s in g  th e  s o lv e n t s y s te m  o f W y a tt (1 9 5 1 ),
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3. 1 H e L a  C e l l  rR N A

3. 1 ,1 ,  B ase  C o m p o s itio n

T a b le  3. 1 shows the base  c o m p o s itio n  data  fo r  H e L a  c e ll  

rR N A . T h e  v a lu e s  a re  m e an s  of s e v e ra l a lk a lin e  and  T ^  

h y d ro ly s a te s  (T a b le  3. 1 a ) . A g re e m e n t b e tw een  the re s u lts  

o b ta in e d  by the tw o m eth o d s  is  c lo s e  and th e re  is  a ls o  good  

a g re e m e n t w ith  p u b lis h e d  v a lu e s  (T a b le  3. Ic ) .  F r o m  e s tim a te s  

o f the c h a in  len g th s  o f the RNA . m o le c u le s  and a llo w in g  fo r  

s m a ll  q u a n titie s  o f m a t e r ia l  re le a s e d  as a lk a l i - s t a b le  p ro d u c ts  

( fo r  both  p o in ts  see notes to T a b le  3. 1), i t  is  p o s s ib le  to  e s t im a te  

the  m o la r  am o u n ts  o f Up p lus y p  re le a s e d  as m o n o n u c leo tid es  in  

h y d ro ly s a te s  o f the R N A 's  ( la s t  co lu m n  o f ta b le  3 . 1, b ).

3 . 1 . 2  P s e u d o u rid in e  co n ten t

O ne D im e n s io n a l C h ro m a to g ra p h y

Q u a n tita tio n  o f y p  in  H e L a  rR N A  w as f i r s t  a tte m p te d  b y  

s e p a ra tin g  y p  and Up f r o m  th e  U p p lus y p e le c tro p h o re t ic  band  

b y c h ro m a to g ra p h y  in  one d im e n s io n  us ing  the s o lv e n t s y s te m  o f  

W y a tt  (1 9 5 1 ), Up t r a i ls  to  a s m a ll  bu t v a r ia b le  e x te n t in  th is  

s y s te m . C o n s e q u en tly  the s ta n d a rd  d e v ia tio n  o f the v a lu e s  

o b ta in e d  w as  q u ite  la r g e  and the b la n k  v a lu e s  fo r  p re v io u s ly  

p u r if ie d  Up w e re  v e r y  v a r ia b le  (F ig .  2 ,4 ) .  T h is  m ad e  a c c u ra te  

q u a n tita tio n  o f y p  im p o s s ib le . T w o -d im e n s io n a l c h ro m a to g ra p h y  

as d e s c r ib e d  u n d e r m e th o d s , o v e rc a m e  the p ro b le m  o f tra ilin g  

and w as  used fo r  m o re  a c c u ra te  e s t im a tio n  of the p s e u d o u rid in e



T a b le  3. 1

N u c le o tid e  C o m p o s itio n s  o f H e L a  r R N A * s

188 %

.. - a .....

Cp A p Gp ut> + yp
N u m b e r  o f 

d e te rm in a tio n s

A lk a l i 2 6 . 5 22 . 9 28 . 7 2 1 .9 4

^ 2 26 . 6 23 . 5 2 8 . 7 2 1 . 2 6

288 %

A lk a l i
Cp 

3 3 . 1
A p

1 6 .4
Gp 

35 . 3
Up + yp  
1 5 .2 3

T , 3 2 .3 17. 2 34 . 3 1 6 .2 6

( ^ ) C o m b in e d  A lk a l i  and  Tg  R e s u lts

%

Cp A p G p U p +

188 26. 5 2 3 .2 28 . 7 21 . 5

2 88 32. 6 1 6 ,9 34 . 6 15. 9

5. 88 3 0 .9 18. 7 28 . 3 22 . 1

T o ta l  m o n o ­
n u c le o tid e s  ( i )

1950

5000

155

M o la r  A m o u n t  
Up + y p

420  

795  

34. 3

5. 88 re s u lts  a re  f r o m  5 d e te rm in a tio n s  us ing  T ^  r ib o n u c le a s e ,
188  and 288 re s u lts  a re  a c o m b in a tio n  o f re s u lts  f r o m  d e te rm in a tio n s  
u s in g  T ^  r ib o n u c le a s e  o r a lk a lin e  h y d ro ly s is , 288 d e te rm in a tio n s  
w e re  fo r  5, 88 - f r e e  288 R N A .

Cp A p Up + y p S o u rce
188 27 . 1 23 . 0 28 . 6 2 1 . 3 ( i i )

27 , 3 2 0 , 2 30 . 5 22 , 0 ( i i i )

Cp A p
/o

G p Up + Up S o u rce

2 88 32. 0 16. 5 35 , 2 16. 3 ( i i )

32. 3 16. 0 35. 0 16. 7 . ( i i i )

5 . 88 26 . 3 2 1 . 5 29 . 8 2 2 .4 ( iv )



N o te s  on T a b le  3. I

( i )  T h e  to ta l n u m b e rs  o f m o n o n u c le o tid e s  p e r  R N A  w e re  e s t im a te d

f r o m  p u b lish e d  m o le c u la r  w e ig h t v a lu e s  and sequence data

as fo llo w s , 1 8S R N A : -  m o le c u la r  w e ig h t fro m  h y d ro d y n a m ic  data

(P e te r m a n  & P a v lo v e c , 19 66), 0 . 67 x  10^, f r o m  e le c tro n

m ic ro s c o p ic  co n to u r len g th s  (W e lla u e r  and D a w id , 1 973 ),

0 , 67 x  10^ (w ith  re fe re n c e  to  c o li rR N A , w hose  m o le c u la r  w e ig h t

w a s  d e te rm in e d  by h y d ro d y n a m ic a lly  by S ta n le y  and B o ck , 1965);

m e a n  1 8S v a lu e , 0. 67 x  1 0 ^ = 2 0 1 0  n u c le o tid e s .

O f  th e s e  a p p ro x im a te ly  76 w o u ld  be re le a s e d  as a lk a l i  -s ta b le

d in u c le o tid e s , o f w h ic h  60 w o u ld  m ig r a te  d i f fe r e n t ly  f r o m  the

m o n o n u c le o tid e s  on e le c tro p h o re s is  and the re m a in in g  few  w o u ld

o v e r la p , and be in c lu d e d  w ith , A p  o r  Gp (M a d e n  & S a l im ,  197 4 ).

T h e r e fo r e  the la b e l s c o re d  as m o n o n u c leo tid es  in  the h y d ro ly s a te s  =

1950 n u c leo tid e s  , o f w h ic h  U p + y p  = 21. 58, o r  4 2 0 , 5. 8S f r e e  -

28S R N A : - " h y d ro d y n a m ic "  m o le c u la r  w e ig h t (P e te rm a n n  and

P a v lo v e c , 19 66) 1. 64 x  lO^r e le c tro n  m ic ro s c o p y  (W e lla u e r  and

D a w id , 1973) 1. 76 x  10^; m e a n , 1, 70 x  1 0 ^ = 5 ,1 0 0  n u c le o tid e s . S u b tra c t 76

fo r  re s o lv e d , a lk a l i - s t a b le  m a t e r ia l : -  a p p ro x im a te ly  5, 000 m ig ra t in g

as m o n o n u c le o tid e s . 5. 8S :-  T h e  r a t  h ep ato m a  sequence conta ins

158 n u c le o tid e s  (N a z a r  e t a l .  , 1 97 5 ). T h e  H e L a  sequence is

p ro b a b ly  id e n t ic a l e x c e p t fo r  an  e x tra  U a t the 3' end (M a d e n  &

R o b e rts o n , 1 9 7 4 ). O f  the 159 n u c le o tid e s  one is  re le a s e d  as U___,
O H

tw o  a re  re le a s e d  as G C and f r a c t io n a l  am ounts  as U G
m p  p m p  p



and  C . T h e r e fo r e  155 a r e  re le a s e d  as m o n o n u c le o tid e s ,
P P

T h e  base  c o m p o s itio n  d a ta , w h ic h  in d ic a te  34, 3 U + U re s id u e s
P P

a r e  in  good a g re e m e n t w ith  the  sequence data , w h ic h  in d ic a te s

34 , 8 Up + Up re s id u e . (0 , 2 m o le  Up is  re le a s e d  as U G
m p  p

(K h a n  and M a d e n , 1 97 6 ).

( i i )  F r o m  W il le m s  e t a l  (1 9 6 8 ).

( i i i )  F r o m  A m a ld i & A t t a r d i  (19  68)

( iv )  F r o m  P en e  e t a l  (1 9 6 8 ),
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co n ten t o f rR N A ,

T w o  D im e n s io n a l C h ro m a to g ra p h y .

T a b le  3. 2 shows the  data  fo r  p s e u d o u rid in e  a n a ly s is  a f te r  

tw o -d im e n s io n a l c h ro m a to g ra p h y  on m a te r ia l  f r o m  U p p lus  

y p  e le c tro p h o re t ic  bands (F ig .  2 , 4 ) , O n ly  da ta  fo r  T ^  

h y d ro ly s a te s  a re  show n. T h e s e  w e re  h ig h ly  re p ro d u c ib le ,  

w h e re a s  the  a lk a lin e  h y d ro ly s is  re s u lts  w e re  le s s  so. T h is  is  

p ro b a b ly  b ecau se  o f the  p re s e n c e  o f 2 ' and 3' phosphates , 

cau s in g  so m ew h at le s s  s h a rp  s e p a ra tio n s  th an  in  th e  T^  

h y d ro ly s a te s . T h e  m o la r  am o u n ts  o f y p  w e re  th en  c a lc u la te d  

f r o m  the above v a lu e s  and th o se  in  the la s t  co lu m n  o f ta b le  

3, lb .  T h e  re s u lts  a re  shown in  c o lu m n  2 o f ta b le  3 ,2 .  V a lu e s  

f r o m  p re v io u s ly  p u b lis h e d  a n a ly s e s  a re  shown in  p a re in th e s e s  

fo r  c o m p a r is o n  ( c o lu m n  3 ),

T h re e  p s e u d o u rid in e s  a r e  no t l ib e r a te d  as f r e e  y p  in  the  

d ig e s ts . One o f th ese  o c c u rs  in  a h y p e rm o d if ie d  n u c le o tid e  in  

1 8S R N A  (S a p o n a ra  & E n g e r , 1974; M a d e n  e t a l ,  , 1975) and the  

o th e r  tw o  a re  found in  a lk a l i  s ta b le  com pounds ( y m - G  and  

U m - G m - y )  w ith in  28S R N A  (M a d e n  & S a lim , 197 4 ), C o lu m n  5 

g iv es  the  f in a l  e s t im a te s  o f p s e u d o u rid in e  in  H e L a  c e ll  r R N A  

c o r re c te d  to  in c lu d e  th ese  e x t r a  p s e u d o u rid in e s .

T h e  s ta n d a rd  d e v ia tio n  fo r  5, 88 R N A  is  la r g e r  than  th a t 

fo r  the  h ig h  m o le c u la r  w e ig h t r R N A 's .  H o w e v e r , th is  re p re s e n ts

o n ly  a s m a ll  v a r ia t io n  in  the e s tim a tio n s  of the m o la r  am o u n t 

o f y p . A lth o u g h  g r e a te r  m o la r  am ounts  o f 5. 8S R N A  w e re
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u s ed  the to ta l r a d io a c t iv ity  a p p lie d  to c h ro m a to g ra m s  w as  m u ch  

le s s  than  fo r  1 8S and 28S R N A 's ,  L iq u id  s c in t i l la t io n  counting  

o f y p  in  5. 88 rR N A  in v o lv e s  q u a n tita tio n  of a s m a ll p e rc e n ta g e  

o f a f a i r ly  s m a ll n u m b e r  and is  no t as a c c u ra te  as w h en  la r g e r  

am o u n ts  of r a d io a c t iv ity  a r e  b e in g  m e a s u re d .

Id e n tif ic a t io n  o f the  m in o r  com ponent o f the c h ro m a to g ra m s  

as p s e u d o u r id y lic  a c id  is  b ased  on th re e  m a in  lin e s  o f ev id e n c e .

(1 ) T h e  " R u "  v a lu e  {0 , 8) is  a p p ro x im a te ly  th a t re p o r te d  fo r  

yp  in  th is  c h ro m a to g ra p h ic  s y s t e m  ( F e l ln e r ,  1 969 ). O th e r  

m o d if ie d  u r id y la te s  m ig r a te  d if fe re n t ly :  m e th y la te d  u r id y la te s  

m o re  ra p id ly  th an  U p, and d ih y d ro u r id y lic  a c id  (R u  = 0, 9 ) is  

u n s ta b le  in  a lk a l i  (B ro w n le e , 1972 , p. 2 0 5 ).

(2 ) S p e c tra  o f "U p "  and  o f 'y p "  w e re  m e a s u re d  a t pH  7 and

p H  12. 5 (see  f ig . 2 , 3 ), T h e  spectrurnof " u r id in e "  is  unchanged w h ils t  

th a t o f " p s e u d o u rid in e "  shows a s h ift o f X M A X  f r o m  262 n m  to  

2 8 6  n m  as is  e xp e c te d  fo r  p s e u d o u rid in e  (C o hn, I9 6 0 ) ,  T h e  

s p e c tru m  o f y p  shows a s lig h t s h o u ld e r o f a b s o rp tio n  a t  262 n m  

suggesting  th a t som e c o n ta m in a tin g  Up m a y  be p re s e n t. T h is  

is  c o n s is te n t w ith  re s u lts  o f o n e -d im e n s io n a l c h ro m a to g ra p h ic  

s e p a ra tio n s  o f ra d io a c t iv e  m a t e r ia l  w h e re  t r a i l in g  o f Up in to  y p  

w as  o b s erv e d ,

(3 ) L a r g e r  s c a le  a n a ly s is  o f y p  in  e u k a ry o tic  rR N A  (A m a ld i  

& A t t a r d i ,  1968; G l it z  & D e c k e r , 1963) gave ro u g h ly  c o m p a ra b le  

m o la r  y ie ld s .
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T h e  tw o -d im e n s io n a l s e p a ra tio n  o f y p  f ro m  Up seem s to  

be e s s e n t ia l ly  c o m p le te  b a se d  on the  fo llo w in g  c r i t e r i a : -

( i )  the re s u lts  a re  h ig h ly  re p ro d u c ib le  as shown by the  

s m a ll  s ta n d a rd  d e v ia tio n , p a r t ic u la r ly  fo r  h ig h  m o le c u la r  w e ig h t  

rR N A .

( i i )  the "p u re  U " c o n tro l g ives  v e r y  l i t t l e  s p illo v e r  in to  the  

a r e a  of the c h ro m a to g ra m  d e s ig n a te d  as co n ta in in g  y p .

T h e  m a in  ad van tag es  of the m e th o d  o f y p  d e te rm in a t io n  u sed  a re ;

(1 ) T h e  m e th o d  is  s u ita b le  fo r  s m a ll q u a n titie s  o f ra d io a c t iv e ly  

la b e lle d  m a t e r ia l ,  ( i i )  A t  no s tage is  m a te r ia l  e lu te d  f r o m  the  

W h a tm a n  p a p e r . T h e r e fo r e  th e re  is  no p o s s ib il ity  o f s e le c tiv e  

lo s s e s  d u rin g  m a n ip u la t io n s , ( i i i )  B ecau se  Up ru n s  f a i r ly  ra p id ly  

r e la t iv e  to  the s o lv e n t fro n t  (R f  = 0. 8), the s y s te m  fa v o u rs  

m a x im a l s e p a ra tio n  o f Up f r o m  y p . T h e r e fo r e ,  by re p e a tin g  the  

s e p a ra tio n  in  a second d im e n s io n , us ing  the sam e s o lve n t s y s te m , 

i t  is  p o s s ib le  to  o b ta in  com plete s e p a ra tio n  o f r e la t iv e ly  s m a ll  

q u a n titie s  o f y p  f r o m  m u c h  la r g e r  q u a n titie s  o f Up.

O th e r  S o lve n t S ys tem s

A  fu r th e r  s o lve n t s y s te m  c o m m o n ly  used fo r  s e p a ra tin g  m in o r  

com ponents  o f R N A  is  co m p o sed  o f p ro p a n -2 - b l ( 7 0 ), w a te r  (3 0 )  

and a m m o n ia  (1 ) (M a r k h a m  & S m ith  1952, as d e s c r ib e d  by  

B ro w n le e , 1 972 ), In  th is  s y s te m  yp has an R u  o f 0. 63 

(R u  o f y p  in  p ro p a n  - 2 - o l /H C l / w a t e r ,  is  0. 79). H o w e v e r , m o s t  

n u c le o tid e s  have  v e r y  lo w  R f 's  in  th is  s ys te m .
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T w o  d im e n s io n a l s e p a ra tio n  o f y p  f ro m  Up w as  a tte m p te d  

u s in g  p r o p a n - 2 - o l /H C l /W a t e r  in  th e  f i r s t  d im e n s io n  and p r o p a n -2 -  

0 1 /N H ^ /w a te r  in  the second. U p and y p  both m o ve  a c o n s id e ra b le  

d is tan ce  in  the f i r s t  d im e n s io n  (U p  has R f  o f 0, 8). T h e  lo w  R f 's  

o f both  s p ec ies  in  th e  second d im e n s io n  m ean s  th a t the s e p a ra tio n  

o f U p and  y p  is  not g r e a t ly  im p ro v e d  by the use o f th is  second  

d im e n s io n . T h e r e fo r e  th is  s y s te m  w as not u sed  fu r th e r ,

3 ,1 . 3  P s e u d o u rid in e  and 2 ' -0 -m e th y la t io n

F r o m  the p re s e n t p s e u d o u rid in e  d e te rm in a tio n ^  and f r o m  p re v io u s  

q u a n tita tio n  o f the  m e th y la te d  sequences in  H e L a  c e ll  rR N A  (M a d e n  & . 

S a lim , 1974 ), L a n e 's  (1 9 6 5 ) su g g ested  c o r r e la t io n  b e tw ee n  

p s e u d o u rid in e  co n ten t and n u m b e rs  o f 2 '0 -m e th y l g roups can be 

r e -e x a m in e d . T h e  data  a re  show n in  ta b le  3, 3, T h e  o v e r a l l  

c o r r e la t io n  is  r e m a r k a b ly  c lo se  in  the case o f the m a jo r  c y to p la s m ic  

r R N A 's .

3. 2 T h e  P s e u d o u r id in e  C o n ten t o f rR N A  f r o m  O th e r  E u k a ry o te s  

T h e  n u m e r ic a l c o r r e la t io n  b e tw ee n  p s e u d o u rid in e  content 

and  2 '- 0 - m e t h y l  g roups  in  H e L a  rR N A  is  s u ff ic ie n t ly  c lo se  to  

w a r r a n t  a tte n tio n . In v e s tig a tio n s  w e re  c a r r ie d  out to  d e te rm in e  

w h e th e r  th is  c o r r e la t io n  is  a ls o  t ru e  fo r  the rR N A 's  o f o th e r  

e u k a ry o te s . T h e  p s e u d o u rid in e  content o f rR N A  of th re e  o th e r  

sp ec ies  w as d e te rm in e d . T h e  sp ec ies  chosen w e re , a fu r th e r  

m a m m a l (m o u se  L - c e l ls ) ,  a lo w e r  v e r te b ra te  (X enopus  la e v is )  

and  a n o n -v e r te b ra te  e u k a ry o te  (D i  c ty o s te liu m  d is c o id iu m ).



T A B L E  3. 3

C o m p a r is o n  o f the N u m b e rs  o f P s e u d o u rid y la te - R e s id u e s  and  

2 ' -  0 -  m e th y l G ro u p s  in  H e L a  -  C e l l  r  R N A ,

T o ta l  y  T o ta l
2 '- 0 - m e t h y l  groups

18 S 37 38

28 S 60 62

5, 8 S  2 .3  1 .2

T h e  m é th y la t io n  d a ta  a re  b ased  on M a d e n  & S a lim  

(1 9 7 4 ) ,  w ith  v e r y  m in o r  re f in e m e n ts  f r o m  a r e -a n a ly s is  b y  the  

" T ^  p lus  p a n c re a tic " r ib o n u c le a s e  f in g e rp r in t in g  s y s te m  

(M a d e n  & K h a n , 1 9 7 6 ), and  the  p a n c re a tic  r ib o n u c le a s e  s y s te m  

( B . E ,  H . M a d e n , u n p u b lis h ed  r e s u lts ) ,  5, 8 S R N A  co n ta in s  

one u n im o la r  and one f r a c t io n a l  (0 , 2 m o la r )  2 ' -  0 -m e th y l  group.
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3 ,2 .1  B ase C o m p o s itio n

T a b le s  3, 4 , 3. 5 and  3, 6 show the base c o m p o s itio n  data  

fo r  e u k a ry o tic  1 88 , 288, and  5, 88 R N A 's .  T h e  v a lu e s  a re  

m e a n s  o f s e v e ra l T ^  h y d ro ly s a te s . R e s u lts  o b ta in e d  fo r  

h ig h  m o le c u la r  w e ig h t rR N A  a re  in  re a s o n a b le  a g re e m e n t w ith  

th o se  p u b lis h e d  fo r  L - c e l ls  (L a n e  & T a m a o k i, 19 69), X enopus  

la e v is  (B ir n s t ie l  e t a l , , 1968) and D ic ty o s te liu rn  d is c o id iu m  

(Jaco b so n  e t a l.  , 1 9 7 4 ). N o p u b lis h e d  data  a re  a v a ila b le  on 

th e  e x a c t b a s e -c o m p o s it io n  o f 5. 882R N A  fr o m  L - c e l ls ,  Xenopus o r  

D ic ty o s te liu m , H o w e v e r , the  base c o m p o s itio n s  o f a l l  the  5. 88 

r R N A '8 s tu d ied  a p p e a r to be r e la te d  in  the  sam e w ay  to  the  

c o m p o s itio n  o f the  288  R N A 's  f r o m  w h ic h  th e y  a re  d e r iv e d .

A p p ro x im a te  m o la r  am ounts  o f Up p lus y p  re le a s e d  as m o n o n u c leo tid es  

w e re  c a lc u la te d  f r o m  e s t im a te d  ch a in  len g th s  o f the R N A  m o le c u le s  

( 8 ee ta b le  le g e n d s ).

T h e  e x a c t n u m b e r o f m e th y l g roups in  X eno pus r R N A 's  

has re c e n t ly  b een  d e te rm in e d  (B . E . H . M a d e n , u n p u b lish ed  

o b s e rv a tio n s ), X eno pus 188 R N A  conta ins  som e 33 r ib o s e -  and  

7 b a s e - m é th y la tio n s  w h ils t  2 88 R N A  conta ins  66 r ib o s e -a n d  

5 b a s e -m é th y la t io n s . T h e s e  f ig u re s  w e re  u sed  w h en  c a lc u la tin g  

n u m b e rs  o f m o n o n u c leo tid es  re le a s e d  f ro m  Xenopus R N A 's ,

The  s tudy o f d ic ty o s te liu m  rR N A  w as o n ly  co m m en c e d  r e c e n t ly .  

D a ta  a re  no t a v a ila b le  e ith e r  on e x a c t m o le c u la r  w e ig h ts  o r  the  

d e g re e  of m é th y la t io n  o f rR N A  in  th is  s p ec ie s . E x te n s iv e  data



T A B L E  3. 4.

S p ec ies Cp
%

A p Gp Up + yjp
T o ta l m ono  
n u c leo tid e s

M o la r  am o u n t 
Up + ysp

H e L a  (a ) 2 6 . 5 23 . 2 28 . 7 21. 5 1950 420

L - c e l l  (b ) 2 6 , 7 
( 27 . 5

23. 5 
23 , 0

2 9 ,9  
29. 8

1 9 .9
1 9 .3 )

1960 390

X eno pus (c ) 25 , 4 
( 2 4 .3

21 . 4 
23. 5

2 9 .9  
28. 8

23 . 3 
2 3 .4  )

1960 450

D ic ty o s te liu rn  (c^ 16. 9 
(1 8 . 3

3 0 ,4
2 8 .9

2 4 , 3 
2 3 . 6

2 8 .4
2 9 .2 )

2040 580

(a ) D e te rm in a t io n  o f H e L a  b ase  c o m p o s itio n  w as  o u tlin e d  in  the  
le g e n d  to  ta b le  3 , 1, B a s e  c o m p o s itio n s  o f 18S R N A  o f o th e r  
s p ec ie s  a re  m e an s  o f 4 d e te rm in a tio n s  us in g  T ^  r ib o n u c le a s e ,

(b ) F ig u re s  in  p a re n th e s is  f r o m  L a n e  & T a m a o k i (1 9 6 9 ). M o le c u la r  
w e ig h t o f L - c e l l  18S R N A  is  ta k e n  as be ing  the sam e as H e L a  on the  
b a s is  o f e le c tro n  m ic ro s c o p ic  m e a s u re m e n ts  (W e lla u e r  & D a w id , 
1973; W e lla u e r  e t a l,  1974) 2010  n u c le o tid e s . O f these  
a p p ro x im a te ly  70 a r e  re le a s e d  in  a lk a l i - s ta b le  d in u c le o tid e s  o f wKch  
50 w o u ld  m ig r a te  s e p a ra te ly  f r o m  m o n o n u c leo tid es  (H a s h im o to  e t a l  
1 9 7 5 ), L a b e l s c o re d  as m o n o n u c le o tid e s  =  I 9 6 0 ,

(c ) F ig u re s  in  p a re n th e s e s  f r o m  B ir n s t ie l  e t a l  (1 9 6 8 ),
M o le c u la r  w e ig h t ta k e n  f r o m  e le c tro n  m ic ro s c o p ic  m e a s u re m e n ts  is  
s im i la r  to H e L a  (W e lla u e r  & D a w id , 1 974 ), T h e  n u m b e r o f 
m e th y l groups is  s lig h t ly  le s s  th an  in  H e L a  1 88 R N A  (B , E , H . M a d e n , 
u n p u b lis h ed  o b s e rv a tio n ). A p p ro x im a te ly  50 n u c le o tid e s  w o u ld  
m ig r a te  s e p a ra te ly  f r o m  m o n o n u c le o tid e s ,

(d ) F ig u r e s  in  p a re n th e s e s  f r o m  Jacobson  e t a l  (1 9 7 4 ), P r e c is e  
d a ta  a re  no t a v a ila b le  on th e  m o le c u la r  w e ig h t and d e g re e  of 
m é th y la t io n  o f D ic ty o s te liu rn  rR N A . F ig u re s  a re  a v a ila b le  fo r  
y e a s t w h ic h  is  a c lo s e ly  r e la te d  sp ec ies  and th e s e  a r e  a ss u m e d  to  
be a p p ro x im a te ly  c o r r e c t  fo r  D ic ty o s te liu rn  (K lo o tw ijk  & P la n ta ,
1974; L o e n in g , 1 96 8 ), O f  a to ta l o f about 2065  n u c le o tid e s  
3 6 o c c u r in  a lk a l i  s ta b le  d in u c le o tid e s . A p p ro x im a te ly  32 ru n  ■ 
s e p a ra te ly  f r o m  m o n o n u c le o tid e s .



T A B L E  3. 5.

N u c le o tid e  C o m p o s itio n s  o f 285  r R N A

5p e c ie s Cp
%
A p Gp U p + y p

T o ta l m o n o ­
n u c leo tid e s

M o la r  am o u n t 
Up + y p

H e L a  (a ) 3 2 , 6 1 6 .9 3 4 . 6 1 5 .9 5000 795

L - C e l l  (b ) 3 0 . 5 
( 3 0 . 8

1 8 .4  
17. 5

3 6, 6 
3 5 ,3

14. 5 
16. 0 )

5000 725

X eno pus (c ) 2 8 . 6 
( 2 8 .3

1 9 ,3
1 9 .2

34 . 8 
3 5 ,4

17. 3 
17, 1 )

4600 795

D ic ty o s te l iu m  17 , 6 
(d ) ( 1 7 .6

2 8 . 5 
28 , 0

2 5 . 6 
2 5 ,3

28 . 5
29. 1 )

3750 1070

(a ) D e te rm in a t io n  o f H e L a  b ase  c o m p o s itio n  w as  o u tlin ed  in  the  
le g e n d  to  ta b le  3 , 1. B a s e  c o m p o s itio n s  o f 285  RNA. o f o th e r sp ec ies  
a r e  m ean s  o f 4 d e te rm in a tio n s  u s in g  T ^  r ib o n u c le a s e ,

(b ) F ig u r e s  in  p a re n th e s e s  f r o m  L a n e  and T a m a o k i (1969)#
M o le c u la r  w e ig h t fo r  L - c e l l  285  is  ta k e n  as be ing  the sam e as H e L a  
on th e  b a s is  o f e le c tro n  m ic ro s c o p ic  m e a s u re m e n ts . A p p ro x im a te ly  
80 n u c le o tid e s  ru n  in  re s o lv e d  a lk a l i - s t a b le  s p e c ie s . (H a s im o to
e t a l .  , 1975 ), L a b e l s c o re d  as m o n o n u c leo tid es  — 5000 ,

(c ) F ig u re s  in  p a re n th e s e s  f r o m  B ir n s t ie l  e t a l  (1 9 6 8 ), M o le c u la r  
w e ig h t f r o m  c o m b in a tio n  o f g e l e le c tro p h o re s is  (L o e n in g , 1968) 
and  e le c tro n  m ic ro s c o p ic  m e a s u re m e n ts  (W e lla u e r  & D a w id , 1974)

-  1. 65 X 10^^ 5 4 670 n u c le o tid e s . A p p ro x im a te ly  80 n u c le o tid e s  
a r e  in  re s o lv e d  a lk a l i - s t a b le  m a t e r ia l .

(d ) F ig u r e s  in  p a re n th e s e s  f r o m  Jaco b so n  e t a l  (1 9 7 4 ), D a ta  fo r  
R N A  m o le c u la r  w e ig h t (L o e n in g , 1968) and m é th y la t io n  (K lo o tw ijk  
& P la n ta , 1 9 7 4 )a re  fo r  y e a s t. T h e y  a re  a s s u m e d  to  be s im i la r  fo r  
D ic ty o s te l iu m , O f a p p ro x im a te ly  3800 n u c le o tid e s  50 ru n  as 
re s o lv e d , a lk a l i  s ta b le  m a t e r ia l .
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N u c le o tid e  C o m p o s itio n s  of 5. 85 r R N A  

%
T o ta l  m o n o -

M o la r
a m o u n t

5 p e c ie s C p A p Gp Up + y p n u c le o tid e  s (a ) Up + y p

H e L a 3 0 .9 1 8 .7 28 , 3 22 . 1 155 3 4 .3

L - c e l l 28 . 6 20 . 7 2 9 .2 21. 5 155 3 3 .3

X eno pus 26 . 9 2 2 ,0 28 . 5 22, 6 155 3 5 .0

D ic ty o s te liu m 18. 0 29 . 7 23 , 6 28 . 7 156 4 4 . 5

H e L a  5, 85 R N A  b ase  c o m p o s itio n  is  f r o m  5 d e te rm in a tio n s  us in g  
T 2  r ib o n u c le a s e . B ase  c o m p o s itio n s  o f o th e r. 5. 85 r R N A 's  a re  
th e  m ean s  o f 3 d e te rm in a tio n s  u s in g  T ^  h y d ro ly s is ,

(a )  A s  in d ic a te d  in  the  le g e n d  to  ta b le  3, 1, H e L a  5. 85 re le a s e s
ab o u t 155 m o n o n u c le o tid e s . D a ta  on o th e r v e r te b r a te  5 ,8 5
R NA's suggest th a t th e s e  sequences a r e  e s s e n tia lly  id e n t ic a l  to
th o se  o f H e L a  (K h a n  & M a d e n , 197 6; N a z a r  et a l,  1 97 5 ), T h e  sequence
o f y e a s t 5. 8;S RNA. is  158 n u c le o tid e s  long  (R u b in , 1 9 7 3 ), and
is  u n m e th y la te d , T l  d P a n c r e a t ic  f in g e rp r in ts  o f D ic ty o s te liu m
5. 85 R N A  'suggest th a t i t  is  a ls o  u n m e th y la te d  (F ig .  3. 1). I t  has
b een  a ss u m e d  th a t D ic ty o s te l iu m  and  y e a s t 5, 85 R N A  a r e  the sam e
s iz e  and th a t the  re s id u e s  f r o m  e ith e r  ends of the m o le c u le  a r e
th e  o n ly  ones w h ic h  do not ru n  as m o n o n u c leo tid es  o n .e le c tro p h o re s is  ,



Fig. 3.1

plus p a n c re a tic  R N a s e  f in g e r p r in t  o f 

D ic ty o s te liu m  5, 8S R N A , C o n d itio n s  o f d ig e s tio n  and  

e le c tro p h o re s is  a re  d e s c r ib e d  in  s e c tio n  2 .4 ,  T h e  

a p p ro x im a te  p o s itio n s  e xp e c te d  fo r  tw o  m e th y la te d  

p ro d u c ts  (U m -G p , G m -C p ) found in  v e r te b r a te  5. 8S 

R N A 's  (K h an  & M a d e n , 1976) a r e  m a rk e d . T h e s e  spots  

a r e  ab sen t f r o m  th is  f in g e r p r in t .



Gp

#  U
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a r e  a v a ila b le  on the rR N A  o f a n o th e r fungus, y e a s t. T h e  m o le c u la r  

w e ig h t and d e g re e  o f m é th y la t io n  o f D ic ty o s te liu m  h ig h  m o le c u la r  

w e ig h t rR N A  h ave  b e en  a s s u m e d  to  be s im i la r  to those fo r  y e a s t, 

D ic ty o s te liu m  5. 8S rR N A  w as  f in g e rp r in te d  a f te r  T^ plus p a n c re a tic  

R N a s e  d ig e s tio n  (F ig .  3. 1), T w o  m e th y la te d  sequences w h ic h  

a r e  found in  5, 8S rR N A  o f v e r te b r a te s  (K h an  & M a d e n , 1976) a re  

a b se n t, ‘T h e s e  m é th y la tio n s  a r e  a ls o  a b se n t f r o m  y e a s t 5. BS rR N A .  

I t  seem s l ik e ly  th a t the r R N A 's  o f y e a s t and d ic ty o s te liu m  w i l l  

s h a re  o th e r c o m m o n  fe a tu re s ,

3. 2. 2 P s e u d o u rid in e  C o n ten t

T h e  p e rc e n ta g e  o f ^ p  in  Up p lus  y p  w as q u a n tita te d  

fo r  the  r ib o s o m a l R N A 's  o f L - c e l l s ,  Xenopus la e v is  and  

D ic ty o s te liu m  d is c o id iu m . T h e  tw o -d im e n s io n a l p a p e r  

c h ro m a to g ra p h ic  m e th o d  d e s c r ib e d  fo r  H e L a  c e ll  rR N A  w as  used . 

A p p ro x im a te  n u m b e rs  o f y p  re s id u e s  p re s e n t in  each  rR N A  w e re  

c a lc u la te d . T a b le s  3. 7, 3 .8  and 3. 9 show the re s u lts  o f  

th is  in v e s tig a tio n .

T h e  s ta n d a rd  d e v ia tio n  o f the  re s u lts  fo r  5. 88 R N A 's  is  

m a r k e d ly  h ig h e r  th an  th o se  fo r  the h ig h  m o le c u la r  w e ig h t r R N A 's .  

A s  suggested  fo r  H e L a  5, 8S R N A  th is  m a y  be due to e r r o r s  in  

s c in t i l la t io n  co u n tin g . In  the case o f d ic ty o s te liu m  5. 88 r R N A  

the  a m o u n t o f r a d io a c t iv ity  p re s e n t in  y p  w as  in s u ff ic ie n t  to  cause  

m o re  th an  fa in t  b la c k e n in g  o f X - r a y  f i lm  even a f te r  a u to ra d io g ra p h y  

fo r  s e v e r a l  d ays . B e c au s e  o f th is  ,the p o s itio n  of y p  on the
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c h ro m a to g ra m  w as e s t im a te d  f r o m  th e  p o s itio n  o f the  s tro n g  Up spot.

E s t im a te d  n u m b e rs  o f y p  re s id u e s  in  rR N A  ' s o f L - c e l ls  

a n d  H e L a  c e lls  a re  v e r y  s im i la r .  T h is  fin d in g  is  no t u n exp ec ted , 

fo r  th e  rR N A .' s o f tw o  c lo s e ly  r e la te d  s p e c ie s . T h e  f ig u re s  

o b ta in e d  fo r  X eno pus la e v is  a re  so m ew h at h ig h e r  th an  fo r  the  

o th e r  v e r te b r a te  s p e c ie s , p a r t ic u la r ly  th a t fo r  188 rR N A , T h is  

f in d in g  w as  s o m ew h a t u n e xp ec te d  bu t the re s u lts  o f d e te rm in a tio n s  

f r o m  tw o  in d e p en d e n t r R N A  p re p a ra t io n s  w e re  in  good a g re e m e n t.

T h e  p s e u d o u rid in e  co n ten t o f R N A 's  f r o m  D ic ty o s te liu m  is

m a r k e d ly  lo w e r  th an  th a t fo r  v e r te b r a te  rR N A . d e sp ite  the fa c t  th a t

D ic ty o s te l iu m  rR N A , has  a h ig h  A  + U co nten t. I t  is  obvious th a t

the  n u m b e r o f p s e u d o u rid in e s  is  n o t s im p ly  a co n stan t f r a c t io n  o f

th e  n u m b e r o f u r id in e  re s id u e s  p re s e n t. T h e  188 , 288  and 5, 88 R N A 's

w ith  the  m o s t u r id in e s  (D ic ty o s te liu m ) have  the fe w e s t p s e u d o u rid in e s .

D i r e c t  s e q u e n c e 'd a ta  on th e  p s e u d o u rid in e  co n ten t o f 

s e v e r a l  5. 88 r R N A 's  a r e  a v a ila b le  (N a z a r  e t a l,  1975a; K h an  

& M a d e n , 1976; R u b in , 1 9 7 3 ). P s e u d o u rid in e  has b een  id e n t if ie d  

a t  tw o  s ite s  in  a l l  th e  v e r te b r a te  5, 88 r R N A ' s e x a m in e d . A n a ly s is  

o f o lig o n u c le o tid e s  f r o m  Tj^ f in g e r p r in ts  o f H e L a  5. 88 has a ls o  

show n the  p re s e n c e  o f a s m a ll  am o u n t o f y p  in  the u n re s o lv e d  

m ix tu r e  o f p ro d u c ts  23 and  23a  (M a d e n  & R o b e rts o n , 1974; and  

B . E , H . M a d e n  u n p u b lis h e d  o b s e rv a tio n ). T h e  da ta  th e re fo re  suggest 

th a t the 5. 88 sequence co n ta in s  p s e u d o u rid in e  a t th re e  s ite s . T h is  

is  in  a g re e m e n t w ith  th e  re s u lts  shown in  ta b le  3, 9. T h e  sequence  

o f y e a s t 5. 88 R N A  (R u b in , 1973) co n ta in s  o n ly  one p s e u d o u rid in e
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P s e u d o u r id in e  C o n ten t o f 1 8 S rR N A ,

y p M o la r T o ta l N o , o f
S p ec ies D p  + y p  ' A m o u n t P lu s  (b ) y D e te rm in a t io n s

H e L a 8 . 5 9 -  0 .1 4 36  t  1 1 37 i  1 5

L - c e l l 8. 81 t  0. 22 34 t  1 1 ? 35 -  1 3

X eno pus 10. 94 Ï  0 .5 6 50 t  3 1 51 t  3 5

D ic ty o s te l iu m 1. 76  t  0 ,2 6 10 i  1 1 ? 11 i  1 3

B la n k  (a )  0. 13

y p  co nten t w as  d e te rm in e d  as d e s c r ib e d  in  the te x t.

(a )  T h e  b lan k  v a lu e  w as  o b ta in e d  by re ru n n in g  p re v io u s ly  p u r if ie d  

U p. T h is  v a lu e  has been  s u b tra c te d  f ro m  the o th e r v a lu e s ,

(b ) T h e  a d d it io n a l y p  is  th a t found in  a h y p e rm o d if ie d  n u c le o tid e  

in  18 S rR N A  o f H e L a , C h ic k , X eno pus and y e a s t. T h is  

o lig o n u c le o tid e  is  p ro b a b ly  a ls o  p re s e n t in  L - c e l ls  and D ic ty o s te liu m .
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P s e u d o u rid in e  C o n ten t o f 28 S rR N A

yp M o la r P lu s T o ta l N u m b e r  o f
S p ec ies Up + yp  ^ A m o u n t (b) yp D e te rm in a t io n s

H e L a 7. 29 t  0 .2 3
4

58 -  2 2 60 t  2 5

4 4 4"
L - C e l l 7 , 82 -  0. 17 5 7 - 1 2 59 -  1 3

X enopus 8. 03 t  0, 36 6 s i  3 2 65 t  3 5

D ic ty o s te l iu m 2, 69 i  0 . 19 29 i  2 1 ? 30 t  2 3

B la n k  (a ) 0 , 13

y p  co n ten t w as  d e te rm in e d  as d e s c r ib e d  in  the  te x t,

(a )  T h e  b la n k  v a lu e  w as  o b ta in e d  b y  re ru n n in g  p re v io u s ly  p u r if ie d  

U p, T h is  v a lu e  has b een  s u b tra c te d  f r o m  the o th e r v a lu e s .

(b )  T w o  a d d it io n a l y p  re s id u e s  h ave  been  found in  a lk a l i - s t a b le  

p ro d u c ts  in  H e L a ,  X eno pus  (K h a n  & M a d e n , 1976 ) and  m ouse  

(H a s h im o to  e t a l,  1 9 7 5 ). Y e a s t  28S rR N A . conta ins  one y p  re s id u e  

in  a lk a l i  s ta b le  lin k a g e  (K lo o tw ijk  & P la n ta , 1 9 7 4 ), I t  is  

a s s u m e d  th a t rR N A . o f D ic ty o s te l iu m  co n ta in s  the sam e sequence.
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P s e u d o u rid in e  C o n ten t o f 5, 88 rR N A

Up  ,/ M o la r (p re v io u s N u m b e r  o f
S p ec ies u p  + y p A m o u n t d a ta ) (b ) D e te rm in a t io n s

H e L a 7 ,7 5  t  0. 85 2. 7 t  0 . 2 ( <  2) 5

L - C e l l 8. 92 i  0. 54 3, 0 i  0 , 2 { <  2 ) 3

X eno pus 9 . 07 i  0. 79 3 . 2 i  0 .3 ( <  2) 3

D i  ctyos t  e liu m  

B la n k  (a ) 0 , 13

3 .4 6  t  1, 02 1. 5 t  0 .4 ( 1?) 3

y p  co n ten t w as  d e te rm in e d  as d e s c r ib e d  in  the t e x t

(a )  T h e  b la n k  v a lu e  w as  o b ta in e d  b y  re ru n n in g  p re v io u s ly  p u r if ie d  

U p. T h is  v a lu e  has b een  s u b tra c te d  f r o m  the  o th e r v a lu e s ,

(b ) T w o  y p  re s id u e s  h ave  b een  id e n t if ie d  in  the 5. 8 S seqeunces  

o f s e v e ra l v e r te b ra te s  (N a z a r  e t a l;  K h a n  & M a d e n , 1 9 7 6 ), A. 

s in g le  y p  re s id u e  is  p re s e n t in  the  sequence o f y e a s t 5, 88 R N A  

(R u b in , 197 3 ), I t  seem s  p o s s ib le  th a t D ic ty o s te liu m  5, 88 R N A  

co n ta in s  a s im i la r  sequence .
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re s id u e . R e s u lts  show n h e re  suggest th a t D ic ty o s te liu m  5, 8S 

R N A  p ro b a b ly  a ls o  co n ta in s  o n ly  one y p ,

3, 2. 3 . P s e u d o u rid in e  and 2 ' - 0  -M é th y la t io n ;  in te r  spec ies  

c o m p a r is o n .

T a b le  3, 10 shows th e  n u m b e r  o f 2 ' -  0 -m e th y l  g roups  

found  in  the r R N A  o f s e v e ra l  o rg a n is m s . T h e  o v e r a l l  n u m b e rs  

o f m éthy la tions  in  th e  v e r te b r a te  R N A 's  a re  v e r y  s im i la r .  A s  

m e n tio n e d  above , th e  n u m b e r o f m e th y l groups in  the m a jo r  

rR N A .'s  o f D ic ty o s te liu m  is  unknow n, 5, 8S RNA. o f D ic ty o s te liu m ,  

l ik e  th a t o f y e a s t, is  a p p a re n tly  u n m e th y la te d  a t tw o  s ites  w h e re  

m é th y la t io n  o c cu rs  in  v e r te b r a te  5. 8S RNA .' s.

T h e  n u m e r ic a l  c o r r e la t io n  b e tw ee n  p s e u d o u rid in e  and  

2 ' -  0 -m e th y l  g roups  is  e x t r e m e ly  c lo s e  fo r  18S R N A 's  o f  

H e L a  and  L - c e l l s ,  R a th e r  m o re  y p  re s id u e s  w e re  found in  

X enopus la e v is  18S RNA. th a n  in  e ith e r  o f th e  m a m m a lia n  s p e c ie s . 

In  th is  case 2 ' - 0 - m é th y la t io n  and  p s e u d o u rid y la tio n  do not a p p e a r  

to  be c lo s e ly  n u m e r ic a l ly  r e la te d . T h e  n u m b e r o f 2 * - 0 -m e th y l  

g ro u p s  in  D ic ty o s te l iu m  1 88 r R N A  is  p ro b a b ly  s im i la r  to  th a t  

found  in  the r e la te d  s p e c ie s , y e a s t (1 8  2 ' -  0 « m e th y l g ro u p s) 

(K lo o tw ijk  & P la n ta i 1 9 7 4 ). I f  th is  is  so th e re  is ,  a t le a s t ,  an  

a p p ro x im a te  n u m e r ic a l  c o r r e la t io n  b e tw ee n  p s e u d o u rid in e  and  

2 ' -  o -  m e th y  la  t i  on.

T h e  c o r r e la t io n  b e tw e e n  2 ' -  0 -m e th y l groups and y p  

re s id u e s  a p p e a rs  to be q u ite  c lo se  fo r  a l l  the 288 R N A 's  

s tu d ie d . In  the case o f 5. 88 R N A  i t  a p p e a rs  th a t the  tw o
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T h e  n u m b e r o f 2 ' - 0 - M e t h y l  G ro u p s  in  rR N A

S pecies 18 S 28  S 5, 8 S

H e L a  (a )  + (b ) 38 62 1 .2

L -  c e lls  (c ) 35 65 >  1 ?

X enopus (b ) 33 66 1 .4

Y e a s t  (d ) 18 37 0 ‘

(a )  F r o m  M a d e n  & S a lim  (1 9 7 4 )

(b ) B . E . H , M a d e n , u n p u b lish ed  o b s e rv a tio n s ,

(c )  F r o m  H a s h im o to  e t a l (1 9 7 5 ) , O ne m e th y la te d  d in u c le o tid e  

(G m C ) w as o b s e rv e d  w h ic h  w as  p re s e n t w h en  28S w as e x tra c te d  

co ld  but not w h en  i t  w as  h e a te d . T h is  d in u c le o tid e  is  p ro b a b ly  

f r o m  the  5. 8 S sequence ,

(d ) F r o m  K lo o tw ijk  & P la n ta  (1 9 7 4 ) (2 8  S & IB S ) and R u b in  (1 9 7 3 ) (5 , 8
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s e c o n d a ry  m o d if ic a t io n s  o c c u r in  s im i la r ,  a lth o u g h  not equal 

n u m b e rs . F o r  e x a m p le , D ic ty o s te l iu m  5. 8S R N A  is  u n m e th y la te d  

b u t co n ta in s  one o r tw o  p s e u d o u rid in e s . I t  m a y  be th a t th e  tw o  

m o d if ic a t io n s  a re  n u m e r ic a l ly  r e la te d  a lthough  n o t n e c e s s a r i ly  on 

a " o n e -to -o n e "  b a s is ,

3 . 3. P s e u d o u r id in e  in  H e L a  R ib o s o m a l P r e c u r s o r  r R N A

I t  has b een  c o n c lu s iv e ly  show n th a t 32S r p r e  R N A  

co n ta in s  the  sam e  n u m b e r o f m e th y l g roups as 28S r R N A  and  

th a t the  n u m b e r o f m é th y la tio n s  in  45S r p r e  R N A  is  eq u a l 

to  the  sum  of 2 '0 -m e th y l  g roups  in  IBS and 2BS R N A 's ,  T h is  

in d ic a te s  th a t the  t r a n s c r ib e d  s p a c e r re g io n s  o f r p r e  R N A  

co n ta in  no m e th y l g roups  (M a d e n  & S a lim , 1974 , d is c u s s e d  in  

C h a p te r  1). In  v ie w  o f th e  n u m e r ic a l  c o r r e la t io n  b e tw ee n  

2 ' -0 -m e th y la t io n  and  p s e u d o u r id y lic  a c id  in  H e L a  r R N A  i t  w as  

th oug ht to  be o f in te r e s t  to  in v e s tig a te  the le v e l  o f p s e u d o u rid in e  

in  r  p re  R N A , w ith  a v ie w  to  d e te rm in in g  w h e th e r  it is  a ls o  

co n fin e d  to  th e  r ib o s o m a l seq u en ces,

3, 3, 1. B ase  C o m p o s itio n

T a b le  3 , 11 shows the  base  c o m p o s itio n  data  fo r  H e L a  c e ll  

r  p re  R N A  o b ta in e d  f r o m  s e v e ra l T ^  h y d ro ly s a te s  o f both 45S and  

32S R N A 's ,  T h e  re s u lts  o b ta in ed  fo r  45S RNA. show a G  + C  

co nten t o f about 65%, T w o  gro u p s  (W ill.^ m s  et a l.  , 1 9 6 8 ;  

J e a n te u r  e t a l,  1968 ) p u r ify in g  45S r  p re  R N A  by d if fe r e n t  m eth o d s  

o b ta in e d  f ig u re s  o f a ro u n d  70% G + C content. T h e  d is c re p a n c y  

b e tw e e n  the data  o f th e s e  groups  and those d e s c r ib e d  h e re  is  m o s t
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N u c le o tid e  C o m p o s itio n  data  on H e L a  c e ll  r  p re  R N A

T o ta l  m o n o - M o la r  a m o u n t
p e rc e n ta g e

C p A p Gp Up n u c le o tid e s  (a ) U p + y p

32. 1 16, 0 33 . 2 18. 7 1 3 ,2 7 0 2480

32. 6 14, 3 3 7 . 6 15. 5 6, 500 1010

45 S 

32 S

T h e  re s u lts  fo r  both  45S and 32S R N A 's . a re  the m ean s  

o f 5 d e te rm in a tio n s  u s in g  T ^  r ib o n u c le a s e .

(a ) T h e  to ta l  n u m b e rs  o f m o n o n u c leo tid es  p e r  R N A  w e re  e s t im a te d  

f r o m  p u b lis h e d  m o le c u la r  w e ig h t v a lu e s  and sequence data  as fo llo w s , 

45  S R N A .:- m o le c u la r  w e ig h t f r o m  e le c tro n  m ic ro s c o p ic  co n to u r  

len g th s  (W e lla u e r  Sc D a w id , 1 97 3 ), 4 , 7 x  10^; f r o m  s e d im e n ta tio n  

a n a ly s is  (J e a n te u r , A m a ld i & A t t a r  d i, 19 6 8 ),4 . 6 x  10^; f r o m  

p o ly a c ry la m id e  g e l e le c tro p h o re s is  (W e in b e rg  & P e n m a n , 1 970 ),

4 , 1 X 10^; m e a n  45 S v a lu e  4 , 47  x  10 = 13410 n u c le o tid e s . O f

th e s e  a p p ro x im a te ly  140 w o u ld  be re le a s e d  as p ro d u c ts  m ig ra t in g  

d if fe r e n t ly  f r o m  m o n o n u c le o tid e s  on e le c tro p h o re s is  (s e e  leg en d  

to  ta b le  1 ), T h e r e fo r e  the  la b e l s c o re d  as m o n o n u c leo tid es  in  

th e  h y d ro ly s a te s  ™ 13, 270 n u c le o tid e s , o f w h ic h  Up + y p  = 18. 7%, 

o f 2 480 , 32 S R N A : -  m o le c u la r  w e ig h t f ro m  e le c tro n  m ic ro s c o p y

(W e lla u e r  & D a w id , 1973), 2, 3 x  10^; s e d im e n ta tio n  a n a ly s is  (J e a n te u r  

e t a l,  1 9 6 8 ),2 . 2 x  10^; p o ly a c ry la m id e  gels (W e in b e rg  & P e n m a n , 

1 9 7 0 ),2 , 1 X 10^ ; m e a n  2, 2 x  10^, = 6, 600 n u c le o tid e s . S u b tra c t

80 fo r  re s o lv e d  m a t e r ia l  f r o m  28S rR N A  and 5, 8 S rR N A  (ta b le  3. 1 

a p p ro x im a te ly  6520 m ig ra t in g  as m o n o n u c le o tid e s .
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l i k e ly  to  be due to  c o n ta m in a tio n  o f 45S p re p a ra tio n s  w ith  H n R N A  

s in ce  th e re  m a y  be som e o v e r la p  b e tw ee n  these  tw o R N A  typ es

on s u cro s e  g ra d ie n ts ,

32 P  la b e lle d  H n  RNA. w as p re p a re d  as d e s c r ib e d  by  

F r a s e r  e t a l  (1 9 7 3 ). T h e  b ase  c o m p o s itio n  o f the RNA. w as  

a n a ly s e d  a f te r  T ^  h y d ro ly s is . M e a n  v a lu e s  f r o m  th re e  d e te rm in a tio n s  

gave a G  '+ C co n ten t o f 4 1 -8 % , T h e  p re s e n c e  o f H n  R N A  in  

45S  R N A  p re p a ra tio n s  w o u ld , th e r e fo r e ,  be exp e c te d  to  g ive  a lo w e r  

G  + C p e rc e n ta g e  th a n  the  f ig u re  fo r  p u re  45S r  p re  RNA., T h is  is  

in  a cc o rd a n ce  w ith  the re s u lts  in  ta b le  3 , 11.

T h e  base  c o m p o s itio n  data  fo r  32S r  p re  RNA. a re  in  

re a s o n a b le  a g re e m e n t w ith  p re v io u s ly  p u b lis h e d  fin d in g s  

(J e a n te u r  e t a l ,  1968 , W il le m s  e t a l,  19 68 ), T h is  suggests th a t  

32S p re p a ra tio n s  a re  s u b s ta n t ia lly  p u re .

T h e  a p p r o x i m a t e  m o la r  am ounts  o f Up + y p  in  32S and  

45S r p r e  RNA. w e re  c a lc u la te d  us in g  base c o m p o s itio n  da ta  f r o m  

ta b le  3, 11 and p u b lis h e d  m o le c u la r  w e ig h ts ,

3, 3, 2 . P s e u d o u r id in e  C o n ten t

Q u a n tita tio n  o f y p  in  H e L a  r  p re  RNA. w as c a r r ie d  out 

u s in g  the  m eth o d  d e s c r ib e d  fo r  H e L a  rR N A , In  th is  case on ly  

T ^  h y d ro ly s is  w as  u sed . T a b le  3. 12 shows the  re s u lts  o f th is  

a n a ly s is .

T h e  e s t im a te  o f to ta l n u m b e rs  o f y p  in  328  R N A  is  

s o m ew h at h ig h e r  th a n  th a t fo r  288  R N A . I t  is  a ls o  r a th e r  h ig h e r  

th an  th a t c a lc u la te d  f r o m  d a ta  o f J e a n te u r  e t a l  (1 9 6 8 ). T h e s e  

re s u lts  suggest th a t the  t r a n s c r ib e d  s p a c e r m a te  r ia l ,  w h ic h  is  lo s t
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P s e u d o u r id y la te  co n ten t o f H e L a  c e lls  rR N A ,

y p _____________  M o la r  (p re v io u s  P lu s  N u m b e r  o f
Up + y p  % A m o u n t d a ta ) (b ) (c ) T o ta l  D e te rm in a t io i

4 5  S 2, 85 t  0. 17 71 Î  4 (O r 117) 3 74 t  4  5

32 S 6 .8 7 ^  0. 12 69 i  1 ( — 59) 2 71 t  1 5

B la n k  (a ) 0 ,1 3  -  -  3

(a ) T h e  b la n k  v a lu e  w as  o b ta in e d  b y  re ru n n in g  p re v io u s ly  p u r if ie d  

U p, T h is  v a lu e  has b een  s u b tra c te d  f r o m  o th e r  v a lu e s ,

(b ) These v a lu e s  w e re  c a lc u la te d  f r o m  data  o f J e a n te u r  e t a l  (1968), 

w ho re c o rd e d  a base  c o m p o s itio n  o f 0, 85% y p  fo r  45 S RNA. and 0, 90%  

yp  fo r  32 S R N A.

(c ) T w o  p s eu d o u rid in e s  f r o m  28S R N A  and one f r o m  IB S  R N A a re  

n o t l ib e r a te d  as f r e e  y p  as in d ic a te d  in  the te x t.
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w h en  32S r  p re  R N A  is  c o n v e rte d  to  2 8S rR N A , co n ta in s  a few  

y p  re s id u e s . T h is  f in d in g  does n o t fa v o u r  an e x a c t  

to p o g ra p h ic a l c o r r e la t io n  b e tw ee n  y p  and 2 ' -0 -m e th y la t io n  in  

32S RNA. s in c e , as  a lr e a d y  d is c u s s e d , the  t r a n s c r ib e d  s p a c e r  

co n ta in s  no m e th y l g ro u p s ,

R o b e rts o n  & M a d e n  (1 9 7 3 ) s tu d ied  the long  un ique  

o lig o n u c le o tid e s  found in  T^ f in g e r p r in ts  o f 32S RNA . but. 

a b s e n t f r o m  f in g e r p r in ts  o f 28S R N A . N o  y p  re s id u e s  w e re  

d e te c te d  in  th e s e  c h a r a c te r is t ic  p ro d u c ts . H o w e v e r , o n ly  som e  

20%  o f u r id in e  re s id u e s  in  th e  32S tr a n s c r ib e d  s p a c e r  cou ld  

be acco u n ted  fo r  by th e s e  o lig o n u c le o tid e s . T h e  r e m a in d e r  

o c c u r in  s h o rt, m u lt ip ly  o c c u r r in g  sequences o r  in  lo n g  sequences  

w h ic h  w e re  in c o m p le te ly  re s o lv e d . N o th in g  is  kn o w n  about the  

p s e u d o u rid in e  co n ten t o f th e s e  p ro d u c ts . R e s u lts  d e s c r ib e d  in  

th is  th e s is  m a y  no t th e r e fo r e  c o n flic t  w ith  the fin d in g s  o f  

R o b e rts o n  & M  ad en .

T h e  e s t im a te d  n u m b e r o f p s e u d o u rid in e  re s id u e s  in  

45S  r  p re  R N A  is  c o n s id e ra b ly  le s s  th an  the su m  o f the n u m b e rs  

d e te rm in e d  fo r  28S and  18S r R N A 's .  H o w e v e r , c a lc u la t io n s  f r o m  

th e  data  o f J e a n te u r  e t a l  su g g est th a t a p p ro x im a te ly  117 y p  

re s id u e s  a re  p re s e n t  in  45S  R N A , a f  ig u re  r a th e r  g r e a te r  

th an  the  sum  o f y p  re s id u e s  in  288  and 188 R N A 's ,

One p o s s ib le  re a s o n  fo r  a r e la t iv e ly  lo w  y p  conten t fo r  

4 5 8  R N A  m ig h t be c o n ta m in a tio n  w ith  H n  RNA.. H n  R N A  w as  

a n a ly s e d  fo r  p s e u d o u rid in e  co n ten t us ing  the  tw o  d im e n s io n a l
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c h ro m a to g ra p h ic  p ro c e d u re  a lr e a d y  d e s c r ib e d . A f t e r  s u b tra c tio n  

o f th e  b la n k  v a lu e ,le s s  th an  0, 1% o f Up p lus y p  w as  found in  the y p  

a r e a  o f the c h ro m a to g ra m . Th u s  the  p e rc e n ta g e  of y p  in  Up p lus  y p  

in  "4 5  S R N A "  is  p ro b a b ly  an  u n d e re s tim a te  b ecau se  o f the  

c o n tr ib u tio n  o f c o n ta m in a tin g  H n  R N A  to  the to ta l ra d io a c t iv ity .

A n o th e r  p o s s ib le  re a s o n  w h y  e s tim a te s  o f y p  in  45S R N A  

m a y  be too lo w  is  th a t m o d if ic a t io n  o f Up to  y p  m a y  o c cu r s o m e tim e  

a f te r  syn th es is  o f th e  R N A , F o r  in s ta n c e , i f  the l i fe t im e  of 4 58  

R N A  is 20 m in u te s  and m o d if ic a t io n  to  y p  o c c u rs ,o n  a v e ra g e ,

5 m in u te s  a f te r  s y n th e s is ,th e n  o b s e rv e d  y p  conten t w o u ld  o n ly  be 

7 5% o f the  f in a l  am o u n t in  r R N A .

F u r th e r  a n a ly s is  o f in d iv id u a l sequences in  328  and  

4 5 8  R N A , as d e s c r ib e d  fo r  r R N A  (n e x t c h a p te r) , w o u ld  

be d e s ir a b le .  . H o w e v e r , th e  e x t r e m e ly  la r g e  s iz e  o f the r  p re  RNA. 

m o le c u le s  m a k e s  th is  te c h n ic a lly  v e r y  d if f ic u lt .
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C h ap ter  4

F in g e r p r in t in g  S tud ies  on P s e u d o u rid in e  in  H e L a  rR N A .

H a v in g  d e te rm in e d  th e  p s e u d o u rid in e  conten t o f w h o le  

r ib o s o m a l R N A  (C h a p te r  3 ) , i t  s ee m e d  to be o f in te r e s t  to  

in v e s tig a te  p s e u d o u rid in e  in  in d iv id u a l o lig o n u c le o tid e s  f ro m  

r R N A . T h is  study w as  u n d e rta k e n  w ith  tw o re la te d  q u estio n s  

in  m in d . ' T h e s e  q u estio n s  w e r e : -  (1 ) D oes the c o n v e rs io n  o f 

Up to  y p  o c c u r a t  s p e c if ic  s ite s  in  r R N A ,o r  is  p s e u d o u rid in e  

s p re a d  ra n d o m ly  th ro u g h  the u r id in e  co n ta in in g  sequences?

(2 ) D o  a l l  the  m o le c u le s  o f a p a r t ic u la r  rR N A  co n ta in  

p s e u d o u rid in e  in  a g iv e n  seq u en ce , i .  e, is  c o n v e rs io n  o f U p to  

y.p an  " a l l - o r  none" even t?

In  a d d itio n  e x p e r im e n ts  w e re  c a r r ie d  out to  in v e s tig a te  the  

sequence o f o lig o n u c le o tid e s  co n ta in in g  y p . T h is  s tudy w a s , 

h o w e v e r , s e c o n d a ry  to  the tw o  m a in  questions  and o n ly  p a r t ia l  

sequence a n a ly s is  w as  a tte m p te d .

S e p a ra tio n  o f o lig o n u c le o tid e s  f r o m  rR N A  w as  c a r r ie d  

out b y  use o f the R N A  f in g e rp r in t in g  tech n iq u es  o f S an g er  

e t a l (19 65) (D e s c r ib e d  in  M e th o d s ). T w o  f in g e rp r in t in g  

s y s te m s  w e re  used  in  th is  s tu d y . O p tim u m  s e p a ra tio n  o f 

o lig o n u c le o tid e s  co n ta in in g  one u r id in e  w as  a c h ie v e d  by  

d ig e s tio n  o f r R N A  w ith  T^ R N a s e  and s e p a ra tio n  fo r  40 h o u rs  

in  the second d im e n s io n  o f e le c tro p h o re s is  (" lo n g  T., " s y s te m ).
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G ood re s o lu tio n  o f o lig o n u c le o tid e s  c o n ta in in g  tw o  o r  th re e  

u r id in e s  w as  o b ta in e d  by  s e p a ra tio n  o f the  p ro d u c ts  o f 

T ^  R N a s e  p lus a lk a lin e  phosphate  d ig e s tio n  fo r  40  h o u rs  in  

th e  second d im e n s io n  (T ^  p lus phosphatase  s y s te m ),

4 , 1 L ong  F in g e r p r in ts  o f H e L a  1 8S rR N A

F ig  4. 1 (a ) shows an a u to ra d io g ra p h  of a ty p ic a l long

32
s e p a ra tio n  o f o lig o n u c le o tid e s  f r o m  P  la b e lle d  H e L a  1 8S rR N A ., 

M a n y , but not a l l ,  o f the  spots in  the "one U "  g ra t ic u le  a re  

c o m p le te ly  re s o lv e d  f r o m  th e ir  n e ig h b o u rs . In  cases  w h e re  

tw o  spots w e re  no t fu l ly  re s o lv e d  i t  w as  s o m e tim e s  n e c e s s a ry  

to  e s t im a te  a d iv id in g  l in e  b e tw e e n  th e m  w hen e x c is in g  spots fo r  

fu r th e r  in v e s tig a tio n . U n c e r ta in ty  in  d iv id in g  spots m a y  g ive  

r is e  to  c o n ta m in a tio n  o f one o lig o n u c le o tid e  by a n o th e r . A n  

e x a m p le  o f th is  is  spot 155. T h is  spot fo rm s  the fa s te s t  

ru n n in g  p a r t  o f a p o o r ly  re s o lv e d , e lo n g ated  spot w h ic h  conta ins  

th re e  d if fe re n t  n u c le o tid e  seq u en ces . N o  v is u a l s e p a ra tio n  o f  

th e  spot is  p o s s ib le  and a so m ew h a t a r b i t r a r y  d iv is io n  had  to  

be m a d e .

A n a ly s is  o f P ro d u c ts

Spots f ro m  the one U g ra t ic u le  o f long  T j  f in g e rp r in ts  

w e re  e x c is e d  and a s s a y e d  fo r  ra d io a c t iv ity .  O lig o n u c le o tid e s  

w e re  e lu te d  f r o m  D E A E  p a p e r  and a n a ly s e d  fo r  base  

c o m p o s itio n  and p s e u d o u rid in e  co n ten t.

C o m p le te  h y d ro ly s is  o f o lig o n u c le o tid e s ’fo r  base  c o m p o s itio n



F ig .  4 .1

32(a )  L ong  R N a s e  f in g e r p r in t  o f P - la b e l le d  

H e L a  1 8S R N A . S e p a ra tio n  co n d itio n s  a re  d e s c r ib e d  in  

S ec tio n  2. 4 ,

(b ) K e y , P ro d u c ts  above and to  the  r ig h t  o f th e  

in te r ru p te d  l in e  a re  p e n ta - and  la r g e r  o lig o n u c le o tid e s , 

m o s t o f w h ic h  o c c u r once p e r  m o le c u le . H o w e v e r , no t 

a l l  the  un ique p ro d u c ts  a re  re s o lv e d  f r o m  each  o th e r .  

O pen c ir c le s ,  no p s e u d o u r id y la te , c lo sed  c ir c le s ,  

p s e u d o u rid y la te  co n ten t suggests  one p s e u d o u rid y la te

in  an un ique sequence . C ro s s -h a tc h e d  c ir c le s ,  

m u lt ip le  y ie ld  p ro d u c ts  o r  in c o m p le te ly  re s o lv e d  

m ix tu re s  w ith  som e p s e u d o u rid y la te  p re s e n t.



pH 3 .5

V

#

t
ê

r '

\

UUG

Q

u
o

I5  5 \
CUG

UCG

O l 5 2

UmG O

GmG

LONG T, 185

a. b.



F i g .  4 . 2 .

(a )  pH  3. 5 e le c tro p h o re t ic  s e p a ra tio n  o f a lk a l i

d ig e s ts  o f spots f r o m  lo n g  R N a s e  f in g e r p r in ts  o f

1 8S R N A . M  is  a m ix tu re  o f m o n o n u c leo tid es  m ad e  by

32
c o m p le te  d ig e s tio n  o f P - la b e l le d  c y to p la s m ic  R N A ,

(b ) pH  3, 5 e le c tro p h o re t ic  s e p a ra tio n  o f 

d ig e s ts  o f spots f r o m  lo n g  R N a s e  f in g e rp r in ts  o f 18S 

R N A , y p  is  s lig h t ly  s e p a ra te d  f r o m  U p in  th is  s y s te m ,  

as show n b y  spots 157 and 159 . Spot 157 co n ta in s  

a p p ro x im a te ly  e q u a l am ounts  o f Up and  y p  w h ils t  spot

1 59 co n ta in s  v e r y  l i t t l e  Up,
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o r  p s e u d o u rid in e  a n a ly s is  w as  c a r r ie d  out w ith  a lk a l i  o r  

r ib o n u c le a s e . R e s o lu t io n  o f m o n o n u c leo tid es  a f te r  pH  3, 5 

e le c tro p h o re s is  w as  s h a rp e r  fo r  d ig es ts  th an  fo r  a lk a l i  

d ig e s ts . In  the  case o f spots co n ta in g  p s e u d o u rid in e  i t  is  

s o m e tim e s  p o s s ib le  to  d e te c t y p  as a band o f m a t e r ia l  ru n n in g  

s lig h t ly  b eh in d  U p in  s e p a ra tio n s  o f d ig ests  (F ig  4. 2 -  note  

spots 157 and 159 ). R e s o lu t io n  o f m o n o n u c leo tid es  f ro m  

a lk a l i  d ig es ts  is  in s u ff ic ie n t  fo r  th is  type o f p r e l im in a r y  

d e te c tio n  o f y  p. M a d e n  and S a lim  ( 1974) a ss a ye d  ra d io a c t iv ity

in  m e th y la te d  p ro d u c ts  in  s e v e ra l  1 8S f in g e r p r in ts .  A  

n u m b e r o f spots w e re  found  to  be a p p ro x im a te ly  e q u a lly  la b e lle d  and  

a m e a n  v a lu e  o f "counts  p e r  m in u te  p e r  m e th y l g ro u p "  w as  

d e te rm in e d . In d iv id u a l m o la r  y ie ld s  w e re  e x p re s s e d  r e la t iv e  

to  th ese  m e a n s . On th is  b a s is  the m o la r  y ie ld s  o f the  

d in u c le o tid e s  G m G  and U m G  w e re  v e r y  c lo se  to  u n ity .

T h e  ch a in  le n g th  o f o lig o n u c le o tid e s  w as c a lc u la te d  

f r o m  base c o m p o s itio n  d a ta . K n o w in g  the n u m b e r o f n u c le o tid e s  

p re s e n t and the  to ta l r a d io a c t iv ity  in  each  spot, i t  w as p o s s ib le  

to  d e te rm in e  the counts p e r  m in u te  ( c .p .  m.) p e r  n u c le o tid e  

in  each  case . R a d io a c t iv ity  in  the  m e th y la te d  d in u c le o tid e s  

U m G  and G m G  w as a ls o  a s s a y e d . A s  both these  p ro d u c ts  

a r e  know n to be u n im o la r  i t  w as  p o s s ib le  to  d e te rm in e  a m e a n  

c, p, m , p e r  m o le  o f n u c le o tid e . T h e  m o la r  fre q u e n c y  

o f an o lig o n u c le o tid e  w as  th en  d e te rm in e d  b y  d iv id in g  c. p. m .



F i g .  4. 3

C h ro m a to g ra p h ic  s e p a ra tio n  o f Up and %). 

O lig o n u c le o tid e s  f r o m  18S long  R N a s e  fin g e rp iin ts  

w e re  c o m p le te ly  h y d ro ly s e d  w ith  R N a s e  and  

m o n o n u c leo tid es  s e p a ra te d  by  e le c tro p h o re s is  a t pH  3. 5, 

T h e  Up plus ^ p  g ra t ic u le  w as  s u b je c te d  to  c h ro m a to g ra p h y  

w ith  p r o p a n -2 " O l/H C l/H ^ O  s o lv e n t,

O -m a rk s  the p o s itio n  o f m a t e r ia l  a t  th e  s ta r t  o f  

c h r  om atog  r  ap h y .

S " m a rk s  the p o s itio n  of the  s o lve n t fro n t  a t  the  

te rm in a tio n  of c h ro m a to g ra p h y .
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p e r  n u c le o tid e  b y  c. p, m , p e r  m o le  o f n u c le o tid e .

T h u s : -  G m G  -  x  c. p. m ,

U m G  -  y  c. p . m .

T h e r e fo r e  m e a n  c, p. m , p e r  m o le  o f m o n o n u c leo tid e  = x  + y
4

Spot A  (n  n u c le o tid e s ) -  a c. p .m .

c, p. m , p e r  n u c le o tid e  =
n

a
M o la r i ty  o f Spot A  = n

A l l  o lig o n u c le to id e s  in  th e  one U g ra t ic u le  w e re  a n a ly s e d  fo r  

th e  p re s e n c e  o f i t p .  T h is  w as  a c h ie v e d  by c o m p le te  h y d ro ly s is ,  

p H  3. 5 e le c tro p h o re s is , and o n e -d im e n s io n a l c h ro m a to g ra p h y  

o f the "U p  + "y fp"e lec trophoretic  band  (F ig  4 , 3 ), Som e t r a i l i n g  

o f Up in to  the l^p re g io n  o f th e  c h ro m a to g ra m  w as  d e te c te d .

T h e  a m o u n t o f t r a i l in g  w as  v a r ia b le  bu t w as  s o m e tim e s  as m u ch  

as 5% o f counts in  p re v io u s ly  p u r if ie d  U p , In  c e r ta in  h ig h  

fre q u e n c y  spots such as U G p  (Spot 151 )^a v is ib le  y p  spot w as  

o b s e rv e d  a lth o u g h  o n ly  a lo w  p e rc e n ta g e  o f the to ta l r a d io a c t iv ity  

w as  found in  th is  a re a  o f the c h ro m a to g ra m . I t  w as  c o n s id e re d  

th a t p s e u d o u rid in e  w as  p re s e n t in  a spot i f  e ith e r  g r e a te r  th an  

5% o f Up + ^ p  counts w e re  d e te c te d  in  the  ^ p  a r e a  o r  i f  a 

v is ib le  "^p spot w as  seen on c h ro m a to g ra m s .

F ig .  4 , lb  shows a d ia g ra m  o f a long  T]  ̂ s e p a ra tio n . Spots w h ic h  

c o n ta in  re p ro d u c ib ly  d e te c ta b le  am ounts  of yfp a re  shaded. D a ta
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on the  m o la r  y ie ld , base c o m p o s itio n  and p s e u d o u rid in e  conten t 

o f these  spots a re  shown in  T a b le  4 , 1, M o s t o f the y ip  co n ta in in g  

spots o c c u r m o re  th an  once p e r  18S m o le c u le . In  no case  

is  Up c o m p le te ly  a b sen t. Spot 159 is  a u n im o la r  spot and  

co n ta in s  a h ig h  ^ p  p e rc e n ta g e . T h e  Up d e te c ted  m a y  be due to  

in c o m p le te  re s o lu tio n  o f th is  spot f r o m  tw o a d ja c e n t spots w h ich  

do n o t c o n ta in  ^ p ,

T ^  d ig e s tio n  of spot 152 suggests  th a t i t  has a base  

c o m p o s itio n  o f U A G . H o w e v e r , w h en  th is  spot is  d ig e s ted  

w ith  a lk a l i  no Up is  d e te c te d  (F ig .  4 . 4 ). T h is  suggests  th a t  

spot 152 m a y  c o n ta in  d ih y d ro u r id in e  w h ic h  is  u n s ta b le  in  a lk a l i  

b u t ru n s  as u r id in e  in  e n z y m ic  d ig es ts  (B ro w n le e , 1 9 7 2 ). T h e  

m o la r  y ie ld  o f th is  spot is  c o n s is te n tly  le s s  th an  one.

E le c tro p h o re s is  o f m o n o n u c leo tid es  on W h a tm a n  52 p a p e r  

shows th a t Up has a s lig h t ly  g r e a te r  m o b il ity  th an  y p  a t pH  3, 5. 

S im i la r ly ,  T^ p lus p a n c re a t ic  r ib o n u c le a s e  f in g e rp r in ts  o f H e L a  

1 8S rR N A . (F ig ,  4 , 5) show th a t s h o rt o lig o n u c le o tid e s  te rm in a te d  

b y  ^ p  a re  s e p a ra te d  f r o m  hom ologous sequences te rm in a te d  b y  Up. 

D iffe re n c e s  in  m o b il ity  b e tw e e n  lo n g e r  hom ologous sequences, not 

te rm in a te d  by Up o r  "^p, s e e m  n o t to be as g re a t as th is .

H o m o lo g o u s  sequences d if fe r in g  o n ly  in  the p re s e n c e  o r absence  

o f a s in g le  p s e u d o u rid in e  a re  not c o m p le te ly  re s o lv e d  in  f in g e r p r in ts ,  

A  p s e u d o u rid in e -c o n ta in in g  sequence m a y , h o w e v e r , have  s u ff ic ie n t  

d iffe re n c e  in  m o b il i ty  f r o m  its  u r id in e  co n ta in in g  hom ologue  so th a t  

i t  o v e r la p s  w ith  an  a d ja c e n t spot. A n  e x a m p le  o f th is  is  p ro v id e d



F i g ,  4 , 4

p H  3, 5 e le c tro p h o re t ic  s e p a ra tio n  o f the p ro d u c ts  

o f h y d ro ly s is  o f spot 152 f r o m  long  R N a s e  f in g e rp r in ts  

o f H e L a  18S R N A , M a t e r ia l  in  h y d ro ly s a te s  w h ic h  has  

the  sam e e le c tro p h o re t ic  m o b il ity  as m a r k e r  Up is  

a b se n t f ro m  a lk a l i  h y d ro ly s a te s . T h is  suggests .'tha t 

spot 152 co n ta in s  d ih y d ro u r id in e .
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Fig. 4 .  5

32plus  p a n c re a t ic  R N a s e  f in g e r p r in t  o f P -  

la b e lle d  H e L a  18 S R N A , C o n d itio n s  o f d ig e s tio n  and  

s e p a ra tio n  a re  d e s c r ib e d  in  s e c tio n  2 ,4 .  S h o rt 

sequences co n ta in in g  p s e u d o u rid in e  h ave  s lig h t ly  

d if fe r e n t  m o b il i ty  f r o m  hom ologous sequences co n ta in in g  

u r id in e .
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T A B L E  4.  1

P s e u d o u rid in e  C o n ta in in g  O lig o n u c le o tid e s  f ro m  1 8S L ong  T^ F in g e r p r in ts .  

Spot 151 B a s e  C o m p o s itio n  -

M e a n  M o la r  Y ie ld  = 34. 1 -  2 ,9  (5  d e te rm in a tio n s

^  .% = 3, 5 -  0, 5 (4  d e te rm in a tio n s )
U p + y p

C o m m e n t A p p ro x im a te ly  one y p  p e r  m o le c u le  o f 1 8S R N A  
w ith in  the sequence , G  -  y  -  G

Spot 152 B ase  C o m p o s itio n  -  A.^ U^ *  G^

M e a n  M o la r  Y ie ld  = 0. 5 t  0. 1 (4 )

*  T ^  d ig e s t shows U p spot a f te r  e le c tro p h o re s is  
A lk a l i  d ig e s t does not (s e e  f ig , 4 .4 )

C o m m e n t T h is  o lig o n u c le o tid e  o c cu rs  in  s u b m o la r y ie ld .  I t
p ro b a b ly  co n ta in s  d ih y d ro u r id in e . T h is  is  u n s ta b le  in  
a lk a l i  and  b re a k s  down to  y ie ld  p -u re id o p r  o p r io n ic  a c id  
N  -  r ib o t id e  (B ro w n le e , 1 97 2 ). D ih y d ro u r id in e  is  
s ta b le  to w a rd s  r ib o n u c le a s e  T ^ ,

Spot 153
B a s e  C o m p o s itio n  -  A^ U^ G^

P a n c r e a t ic  d ig e s tio n  P ro d u c ts  U , A G  

Sequence U A G ^

M e a n  M o la r  Y ie ld  = 5 ,4  t  1 ,4  (5 )

% = 1 2 .8  -  1 .1  (3 )
Up + V'P

C o m m e n t M u lt ip le  y ie ld  spot. y p  ^  1 p e r  1 83 m o le c u le  in  
th is  sequence .



spot 154
B a s e  C o m p o s itio n  -

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  A U , G  

Sequ ence -  A  U G p

M e a n  M o la r  Y ie ld  = 1 2 ,4  t  2, 5 (5 )

% = 8. 1 t  0 . 9  (4)
Up + y p

C o m m e n t T h e s e  v a lu e s  im p ly  th a t G - A - U - G  o c cu rs  e le v e n  
t im e s  and G -  A. -  y  -  G  once p e r  m o le c u le .

Spot 155 B a s e  C o m p o s itio n  -  U^ C^ G ^

M e a n  M o la r  Y ie ld  = 2 , 1 t  0, 6 (5 )

% = 28 . 5 t  1 .5  (3 )
Up + y p

C o m m e n t In c o m p le te ly  re s o lv e d  f r o m  n e ig h b o u rin g  spot. M o la r  
y ie ld  and y p  co n ten t r a th e r  v a r ia b le  b ecau se  o f th is ,  
y p  ^  1 p e r  m o le c u le  in  th is  sequence.

Spot 156 B ase  C o m p o s itio n  -  U^ A ^  G^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  A  A U , G  

Sequence -  A A U G p

M e a n  M o la r  Y ie ld  = 3 . 4 -  0. 6 (5 )

U p + y p  ■
% = 50. 2 -  1 .3  (3 )

C o m m e n t Sequence G - A - A -  y  -  G p ro b a b ly  o ccu rs  tw ic e  p e r  1 8S 
m o le c u le . O v e r la p  w ith  spot 157 m a ke s  q u a n tita tio n  
d if f ic u lt .



Spot 157 B ase  C o m p o s itio n  -  A.^

P a n c r e a t ic  D ig e s tio n  P ro d u c ts  -  A U , A G

Sequence -  A U A G p

M e a n  M o la r  Y ie ld  = 1 . 3 -  0. 2 (5 )

— ^ -----  % = 3 0 .6  i  2 ,4  (3 )
U p + y p  -

C o m m e n t O v e r la p  w ith  spot 156 , y p  a p p a re n tly  in  s u b m o la r  y ie ld .  
T h is  m a y  be due to  s p il lo v e r  o f y p  f r o m  156,

Spot 158 B ase  C o m p o s itio n  -  U^ C ^ Ĝ ^

M e a n  M o la r  Y ie ld  = 1, 7 t  0. 2 (6 )

VP % = 2 5 . 5  t  2 .3  (3 )

Up + y p

C o m m e n t y p  c e r ta in ly  p re s e n t b u t a p p e a rs  to  be in  s u b m o la r  y ie ld .  
Som e o v e r la p  w ith  a d ja c e n t spot m a k e s  q u a n tita tio n  
u n c e r ta in .

Spot 159 B a s e  C o m p o s itio n  -  U^ A.^ C^ ^ G^

P a n c r e a t ic  D ig e s tio n  P ro d u c ts  -  C , A U , A G  

M e a n  M o la r  Y ie ld  = 1 , 1  t  0 ,3  (5 )

 &E  % = 75. 5 t  3 . 1  (3 )
U p + 9 p

C o m m e n t U n ique  spot. H ig h  y p  p e rc e n ta g e  but som e Up p re s e n t.  
M a y  be c o n ta m in a tio n  f r o m  s e v e ra l a d ja c e n t spo ts .
S eem s p ro b a b le  th a t y p  o c cu rs  once p e r  1 8S m o le c u le  
w ith in  th is  o lig o n u c le o tid e .



Spot 160
B a s e  C o m p o s itio n  -  C^

M e a n  M o la r  Y ie ld  = 2. 0 -  0. 6 (5 )

% = 46 . 7 Î  1 .5  (3 )
Up + y p

C o m m e n t Up co n ta in in g  and y p  co n ta in in g  sequences each  
o c cu r once p e r  18S m o le c u le .
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b y  spots 156 and 157 w h ic h  a re  in c o m p le te ly  s e p a ra te d  in  

f in g e r p r in ts .  P s e u d o u rid in e  is  d e te c te d  in  both spots . T h e  

a m o u n t found in  spot 157 a t  f i r s t  suggests a s u b m o la r  c o n v e rs io n  

f r o m  U p. H o w e v e r , th is  m a y b e  b ecau se  y p -c o n ta in in g  

sequences hom ologous to sequences in  spot 156 h ave  

e le c tro p h o re t ic  m o b i l i t y  in te rm e d ia te  b e tw een  spots 156  

an d  157 . W hen  th ese  spots a r e  cut out p a r t  o f th e  yp  co n ta in in g  

m a t e r ia l  w o u ld  be e x c is e d  w ith  each  o f the  Up c o n ta in in g  seq u en ces ,

4 . 2_T^ p lus P h o s p h a ta s e  F in g e r p r in ts  o f H e L a  1 88 r R N A .

F ig .  4 . 6 (a ) shows a T^ p lus  phosphatase f in g e r p r in t  o f

32 P  H e L a  1 88 rR N A . In  th is  typ e  o f s e p a ra tio n  o lig o n u c le o tid e s  

c o n ta in in g  o n ly  one U p h ave  b e en  ru n  o ff the  f in g e r p r in t  in  o rd e r  

to  g ive  m a x im u m  s e p a ra tio n  in  th e 'tw o  u ’and'îbhree U 'g r a t ic u le s .  

M o la r  y ie ld s  o f o lig o n u c le o tid e s  in  these  g ra t ic u le s  w e re  

q u a n tita te d  r e la t iv e  to tw o  u n im o la r  m e th y la te d  sequences  

( M  41 and  M 4 7  o f M a d e n  & S a lim , 1 97 4 ), B ecau se  o f the  re m o v a l  

o f the te r m in a l  phosphate  g ro u p  by a lk a lin e  p h o s p h a ta se ,o n ly  

(n  » 1) phosphate g roups w i l l  c o n tr ib u te  to  r a d io a c t iv ity  e s t im a tio n  

o f an o lig o n u c le o tid e  c o n ta in in g  n n u c le o tid e s .

Th u s: -  Spot B (n  n u c le o tid e s ) -  b c, p . m ,

c. p. m . p e r  n u c le o tid e  = b
n - 1

B ase  c o m p o s itio n s  o f the  spots w e re  d e te rm in e d  and  

th e ir  p s e u d o u rid in e  contents  a n a ly s e d . L im ite d  sequence  

a n a ly s is  w as  c a r r ie d  out b y  c o m p le te  d ig e s tio n  o f spots w ith



F ig .  4 . 6

(a ) R N a s e  p lus  a lk a lin e  ph o sp h atase  f in g e r p r in t

32
o f P - la b e l le d  H e L a  18 S R N A , C o n d itio n s  o f d ig e s tio n  

and  s e p a ra tio n  a r e  d e s c r ib e d  in  s e c tio n  2 ,4

(b ) K e y , P ro d u c ts  above and  to  th e  r ig h t  o f the  

in te r r u p te d  l in e  a re  p e n ta - and  lo n g e r  o lig o n u c le o tid e s ,  

m o s t o f w h ich  o c c u r once p e r  m o le c u le . H o w e v e r , not 

a l l  th e  u n ique  p ro d u c ts  a re  re s o lv e d  f r o m  each  o th e r .

O pen  c ir c le s ,  no p s e u d o u rid y la te , c lo se d  c ir c le s ,  

p s e u d o u rid y la te  co nten t suggests  a t  le a s t  one 

p s e u d o u rid y la te  in  a n  unique sequence . C ro s s -h a tc h e d  

c ir c le s ,  m u lt ip le  y ie ld  p ro d u c ts  o r  in c o m p le te ly  

re s o lv e d  m ix tu re s  w ith  p s e u d o u rid y la te  p re s e n t.
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p a n c re a tic  r ib o n u c le a s e  o r  snake v en o m  p h o s p h o d ie s te ra s e .

T a b le  4 . 2 shows the re s u lts  o f th ese  in v e s t ig a t io n s .

A s  w as  found in  th e  one U g r a t ic u le ,th e re  a re  a n u m b e r  

o f h ig h  y ie ld  spots w h ic h  c o n ta in  a lo w  le v e l  o f p s e u d o u rid in e .

H o w e v e r , m a n y  o f the o lig o n u c le o tid e s  o c c u r a t  a m o la r  fre q u e n c y  

o f o n ly  one o r tw o . T h e r e  a re  no spots in  w h ich  the U p + ^ p  

e le c tro p h o re t ic  band co n ta in s  o n ly  “̂ p . In  a n u m b e r o f cases  

p s e u d o u rid in e  c o m p ris e s  3 0 -6 0 %  o f Up + "^p. W h en  such a 

sequence o c cu rs  m o re  th a n  once p e r  m o le c u le ,i t  is  not p o s s ib le  

to  d e te rm in e  u n e q u iv o c a lly  w h e th e r  each  o lig o n u c le o tid e  co n ta in s  

so m e y p  o r  w h e th e r  a l l  th e  y p  re s id u e s  a re  in  a s in g le  o lig o n u c le o tid e . 

T h e  m o b il ity  o f a sequence c o n ta in in g  a s in g le  y p  re s id u e  is  not 

s u ff ic ie n t ly  d if fe r e n t  f r o m  th a t o f a hom ologous sequence not 

c o n ta in in g  y p  fo r  re s o lu t io n  in  f in g e r p r in ts .  H o w e v e r , a r a th e r  

l a r g e r  d if fe re n c e  in  m o b il ity  w o u ld  be e xp ec ted  fo r  a sequence  

c o n ta in in g  tw o o r  th re e  p s e u d o u rid in e s . I f  th is  is  the  c a s e ,a t  

le a s t  p a r t ia l  re s o lu tio n  o f a spot co n ta in in g  s e v e ra l p s e u d o u rid in e s  

f r o m  a hom ologous non -  y p  c o n ta in in g  sequence w o u ld  be exp ec ted . 

T h is  a p p e a rs  not to  be the  case fo r  m a n y  o f the spots co n ta in in g  

30 -  60% yp. F o r  e x a m p le , spot 210 is  s m a ll and w e l l  s e p a ra te d  f r o m  

o th e r  sp o ts . T h is  n u c le o tid e  o c cu rs  tw ic e  p e r  m o le c u le  and about 

h a lf  the  "U p  + yp " band is  yp . I t  seem s m o re  l ik e ly  th a t each  

o lig o n u c le o tid e  co n ta in s  one yp re s id u e ,th a n  th a t one sequence conta ins  

tw o  p s eu d o u rid in e s  and the  o th e r  one n one ,,
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P s e u d o u r id in e -c o n ta in in g  sequences in  the 3U g ra t ic u le  

m a y  c o n ta in  b e tw e e n  one and th re e  y p  re s id u e s . Sequences  

c o n ta in in g  tw o o r  th re e  p s e u d o u rid in e s  m ig h t be e x p e c te d  to  

be a t le a s t  p a r t ly  re s o lv e d  f r o m  hom ologous " u r id in e  o n ly"  

seq u en ces . T h re e  o f the  fo u r  spots in  th is  g ra t ic u le  w h ic h  

c o n ta in  a h ig h  y p  p e rc e n ta g e  a r e  s m a ll  and w e l l  re s o lv e d . T h is  

suggests  ‘th a t th e y  p ro b a b ly  c o n ta in  on ly  one y p  in  each  copy  

o f the o lig o n u c le o tid e . T h e  fo u r th  spot (sp o t 307 ) co n ta in in g  

a h ig h  . % y p  is  r a th e r  b ro a d . T h is  is  a p p a re n tly  due to  the  

p re s e n c e  o f a m e th y la te d  sequence w h ic h  m a y  s o m e tim e  be 

re s o lv e d  f r o m  the o th e r  co m p o n en t o f the spot. R e s u lts  

suggest th a t o n ly  the u n m e th y la te d  sequence co n ta in s  yp.



T A B L E  4 .  2

P s e u d o u rid in e  C o n ta in in g  O lig o n u c le o tid e s  f r o m  1 8S T  ̂ p lus  

P h o s p h a tas e  F in g e r p r in ts

2U  G ra t ic u le

B ase  C o m p o s itio n  -  

M e a n  M o la r  Y ie ld  = 10, 0 -  2 . 2 (5 d e te rm in a tio n s )

Up ' 4-
% = 1 3 , 5 - 1 , 5 ( 3  d e te rm in a tio n s )

Up + y p

C o m m e n t H ig h  y ie ld  spot. 2 - 4  y p  re s id u e s  p e r  1 8S m o le c u le  
in  e ith e r  G - U - y - G  o r  G - y - U - G

Spot 202 B a s e  C o m p o s itio n -

T o ta l V e n o m  D ig e s t io n  P ro d u c ts -  " i  G ,

M e a n  M o la r  Y ie ld = 5. 3 t  1 .3  (5 )

%
U p + y p

= 2 9 . 6 t  1 .8  (3 )

C o m m e n t u p  a t 5' end, 2 -4  y p  re s id u e s  p e r  18S m o le c u le  in
th is  o lig o n u c le o tid e .

Spot 203 B a s e  C o m p o s itio n -  ^ 2 ^ 2 ° 1
T o ta l  V e n o m  P ro d u c ts " l  ^ 2  ° 1

M e a n  M o la r  Y ie ld = 4 . 0 i  0. 5 (4 )

.  %
Up + y p  -

= 3 5 .2  i  2 .1  (3 )

C o m m e n t Up o r  y p  a t 5' end. A t  lea s t 3 y p  re s id u e s  p e r  18S
m o le c u le  in  th is  spot. P o s s ib ly  one y p  re s id u e  in
each  o lig o n u c le o tid e .



sp o t 204  B ase  C o m p o s itio n  -  C^

T o ta l  V e n o m  P ro d u c ts  -  C^ G^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  U , A C

M e a n  M o la r  Y ie ld  = 0 .9  - 0 ,1  (6 )

% = 40 . 5 t  5. 0 (2 )
Up + y p

C o m m e n t Sequence is  A C U U G , U n ique sequence p ro b a b ly  
c o n ta in in g  one y p  re s id u e .

Spot 205  B ase  C o m p o s itio n  -  U^ C^ G^

M e a n  M o la r  Y ie ld  -  1 ,3  -  0, 2 (4 )

% = 3 3 .0  t  3 .3  (3 )
U p + ÇIp

C o m m e n t P ro b a b ly  un iq u e  spot c o n ta in in g  one y p . Q u a n tita tio n  
e ffe c te d  by a d ja c e n t spot w h ic h  c o n s is te n tly  s tre a k s  in  
second d im e n s io n .

Spot 20 6 B ase  C o m p o s itio n  -  U^ A ^ C^ G^

P a n c r e a t ic  D ig e s t io n  p ro d u c ts  -  A U , U , C , 

M e a n  M o la r  Y ie ld  = 0, 8 -  0, 1 (6 )

% = 3 4 ,2  t  1 .9  (3 )
Up + y p

C o m m e n t U n ique Spot, P ro b a b ly  co n ta in s  one y p .



Spot 207
B a s e  C o m p o s itio n  -  U ,̂ C^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  U , C , (A ) A A G  

T o ta l  V e n o m  P ro d u c ts  -  A ^ C^ G^

M e a n  M o la r  Y ie ld  = 1 . 2 -  0. 3 (6 )

y p
% = 4 5 .7  Î  1 .0  (3 )

Up + y p

C o m m e n t U n ique  spot c o n ta in in g  one y p . V en o m  d ig e s t suggests  
U a t 5 ' end. I f  p a n c re a t ic  p ro d u c t w h ic h  ru n s  s lig h t ly  
s lo w e r  th an  m a r k e r  A p  is  A p A p A p G  th en  o lig o n u c le o tid e  
w o u ld  be U (U G ) A A A G . T h is  is  l ik e ly  s in ce  p a n c re a tic  
d ig e s t p ro d u c e s  no A U  o r A C .

Spot 208
B ase  C o m p o s itio n  U^ C^ A ^  G^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  C , U , A U ,A p G , A C  

T o ta l  V e n o m  P ro d u c ts  -  C^ A ^ U^ G  

M e a n  M o la r  Y ie ld  = 2 .1  -  0. 5 (7 )

% = 5 3 .4  t  0 .6  (3 )
U p + u p

L SC o m m e n t 5 - 'A p ,  3 ’ -  A G p . 2 y p  re s id u e s  p e r  m o le c u le  in  th ii
spot. C o u ld  be tw o o lig o n u c le o tid e s  each  c o n ta in in g  one 
Up o r  one sequence co n ta in in g  tw o y p  re s id u e s . T h e  
fo r m e r  p o s s ib il i ty  seem s m o re  l ik e ly  (d is c u s s e d  in  te x t) .

. B ase  C o m p o s itio n  A , U C G  (-t- o th e r  ^ )
2 2™3 i

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  C , A C , U , (+  o th e r  X<) 

M e a n  M o la r  Y ie ld  = 6. 7 -  1 .5  (4 )

”  15, 7 t  4. 3 (3)
Up + y p

w e a k ly  la b e lle d  co m p o n en t m ig ra t in g  n e a r  m a r k e r  Gp

C o m m e n t T h is  spot p ro b a b ly  in c lu d e s  one o lig o n u c le o tid e  w h ic h  co n ta in s  
a s in g le  y p  re s id u e . M e th y la te d  spot 49 o f M a d e n  & S a lim  
(1 9 7 4 ) w h ic h  co n ta in s  ,m^G m a y  a ls o  be in c lu d e d .



Spot 210 B ase  C o m p o s itio n  -  C^

P a n c r e a t ic  D ig e s tio n  P ro d u c ts  *• C , A p G , U, A  A U  

T o ta l  v en o m  p ro d u c ts  -  U^ A ^ G^

M e a n  M o la r  Y ie ld  = 1. 8 i  2 . 4 (3 )

V p  4.
 ------- % = 1 4 .9  -  2 .4  (3 )U p  + y p

y p  in  U spot, no t in  A  A U

C o m m e n t Sequence is  C U A A U A G  o r C A A U U A G  and o c c u rs  
tw ic e  p e r  1 8S m o le c u le . A  s in g le  y p  re s id e n c e  
p ro b a b ly  o c cu rs  in  one copy of th is  o lig o n u c le o tid e .

3U G ra t ic u le

Spot 301 B ase  C o m p o s itio n  -  U^ A^ Ĝ ^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  A U , U 

T o ta l  V en o m  P ro d u c ts  -  A^ U^ G^ 

M e a n  M o la r  Y ie ld  s 3, 6 -  0. 7 (6 )

¥ p +
% =: 12, 5 I  0 ,5  (3 )Up + y p

-  y p  in  pane U p ro d u c t, no t in  A U .

C o m m e n t Sequence e ith e r  U A U U G  o r U U A U G , 1 o r 2 y p  
re s id u e s  p e r  18S m o le c u le  w ith in  t iiis  spot.



Spot 302 B a s e  C o m p o s it io n  -

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  A U , U

T o ta l  V e n o m  P ro d u c ts  -  U^ G^

+
M e a n  M o la r  Y ie ld  = 1. 7 « 0. 3 (5 )

-  y p  in  pane Up p ro d u c t

C o m m e n t Sequence is  A U U U G  and p ro b a b ly  o c cu rs  tw ic e  p e r  1 8S 
m o le c u le . O ne o f th e s e  o lig o n u c le o tid e s  conta ins  a 
s in g le  y p  re s id u e .

Spot 303 B ase  C o m p o s itio n  -  U^ A^ C^ G^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  - C ,  AU» U 

T o ta l  V e n o m  P ro d u c ts  - A   ̂ G   ̂ U ^

M e a n  M o la r  Y ie ld  ” 1 ,5  -  0, 2 ( 6)

% = 2 8 .2  t  2 .9
Up + y p

- y p  in  pane Up p ro d u c t  
C o m m e n t Sequence p ro b a b ly  o c c u rs  tw ic e  p e r  m o le c u le  (m o la r

y ie ld  is  a lw a y s  g r e a te r  th an  1) w ith  one y p  in  each  copy.

Spot 304 B ase  C o m p o s itio n  -  U^ A^ C^ G^

P a n c re a t ic  D ig e s tio n  P ro d u c ts  -  C , A U , U

T o ta l  V en o m  P ro d u c ts  -  C . A .  U G ,
1 1 2  1

M e a n  M o la r  Y ie ld  = 1 ,9 7  -  0 .5  (6 )
yp +

% = 2 4 . 9 - 1 . 9  (3 )
Up + y p

-  y p  in  pane A U  p ro d u c t  

C o m m e n t Sequence w h ic h  o c cu rs  tw ic e  p e r  IBS m o le c u le . P ro b a b ly  
one U p re s id u e  in  each  copy.



spo t 305 B ase  C o m p o s itio n  -  U C G
3 2 - 3  i

M e a n  M o la r  Y ie ld  = 1 , 2  -  0, 3 (5 )

y p

U p + y p
% = 28 . 5 t  2 ,4  (3 )

C o m m e n t U nique sequence c o n ta in in g  one y p  re s id u e .

Spot 30 6

y p
Up + y p

%

B ase  C o m p o s itio n  -  U^ G^

P a n c r e a t ic  D ig e s t io n  P ro d u c ts  -  A U  (s tro n g )  

M e a n  M o la r  Y ie ld  = 1 . 8  ±  0 .3  (4 )

= 57. 0 t  1 .3  (3 )

C o n c lu s io n  A U A U A U G  o c c u rs  tw ic e  p e r  1 8S m o le c u le . T o ta l o f
3 -4  y p  re s id u e s . I t  is  not p o s s ib le  to  a ssess  the  
d is tr ib u t io n  o f th ese  in  the o lig o n u c le o tid e s .

Spot 307
O n som e f in g e rp r in ts  th is  spot a p p e a rs  as a d o ub le t. 
T h e  tw o p a r ts  o f th is  w e re  d es ig n a ted  3 0 7A  ( fa s te r  
ru n n in g  in  2nd D ) and 3 0 7 B ,

B a s e  C o m p o s itio n  307A  -  C _A U G
1 - 2  2 - 3  3 1

307B (=1.2 ^ 2 - 3  " 3  + GznC

y p

M o la r  Y ie ld  -  2 -3  (depends on e x a c t base  
(w h o le  spot) c o m p o s itio n )

% 307A  = 52. 3 ( 1  o n ly )
Up + Up -

307 = 3 9 . 7  + 1 . 7  ( 3 )

C o m m e n t P a r t  o f th is  spot (3 0 7 B ) is  M 7 0  of M a d e n  & S a lim  (1 9 7 4 ).
M . 70 p ro b a b ly  does not co n ta in  y p . I t  is  l ik e ly  th a t a t  
le a s t  one o lig o n u c le o tid e  c o n ta in ed  w ith in  307A. co n ta in s  
m o re  th an  one y p  re s id u e  in  its  sequence.



Spot M 8 7  (M a d e n  & S a lim , 1974 )

B a s e  C o m p o s itio n  -  co n ta in s  A , U, G, A m U *

y p  4
% = 3 4 .0  I  1 ,5  (2 )

Up 4 y p

C o m m e n t L o n g  un ique  sequence w h ich  m o ves  v e r y  l i t t l e  in
second e le c tro p h o re s is  d im en sion . C o n ta in s  a t  
le a s t  one y p  re s id u e .
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4 , 3 Long  F in g e r p r in ts  o f H e L a  2 8S rR N A

L o n g  f in g e rp r in ts  o f ^ - l a b e l l e d  H e L a  28S r R N A  w e re

p re p a re d  as fo r  1 8S r R N A , F ig  4 ,7  shows an a u to ra d io g ra p h  

o f such a f in g e r p r in t ,  T h e 'b n e  U " g ra tic u le  is  m u ch  m o re  c o m p le x  

th a n  on 188 long  s e p a ra tio n s . In  a n u m b e r o f cases spots  

a r e  v e r y  p o o r ly  s e p a ra te d  f r o m  each o th e r . I t  w as th e r e fo r e ,  

im p o s s ib le  to  o b ta in  som e o lig o n u c le o tid e s  in  p u re  fo r m  fo r  base  

c o m p o s itio n  and p s e u d o u rid in e  a n a ly s is .

A l l  s p o ts  in  the  one U g r a t ic u le  w e re  s u b jec te d  to  

p s e u d o u rid in e  a n a ly s is . L o w  le v e ls  o f y p  w e re  d e te c te d  in  

s e v e ra l s h o rt sequences w h ic h  o c c u r a n u m b e r o f t im e s  p e r  

2 88  m o le c u le . A lm o s t  a l l  the  U p + y p  band f r o m  spot 104 is  

P p . T h e  s m a ll am o u n t o f U p d e te c te d  w as p ro b a b ly  a s p illo v e r  

f r o m  the  a d ja c e n t spot 103 , A. n u m b e r o f the p o o r ly  re s o lv e d  

lo w  y ie ld  spots above the dashed  lin e  in  F ig .  4 . 7b w e re  found to  

co n ta in  a lo w  p e rc e n ta g e  o f y p . T h e  re s u lts  o b ta in e d  w e re ,  

h o w e v e r , e x t r e m e ly  v a r ia b le .  I t  is  l ik e ly  th a t th is  c o m p le x  

a r r a y  o f spots in c lu d e s  s e v e ra l  y p c o n ta in in g  seq u en ces. E x a c t  

lo c a liz a t io n  o f th e  p o s itio n s  o f th ese  sequences and  q u a n tita tio n  

o f  th e m  is  not p o s s ib le  in  th is  s y s te m ,.

B ecau se  o f the  d if f ic u lty  in  o b ta in in g  good s e p a ra tio n  o f 

o lig o n u c le o tid e s  a d e ta ile d  a n a ly s is  o f y p  c o n ta in in g  sequences  

in  H e L a  288 rR N A  w as  not a tte m p te d . H o v /e v e r, s ince  y p  c o n v e rs io n  

ta k e s  p la ce  l a r g e l y ,i f  no t w h o lly  upon r ib o s b m a l p re c u rs o r  R N A , i t  is



F ig .  4 .7

32
(a )  L o n g  R N a s e  f in g e r p r in t  o f P - la b e l le d  

H e L a  28S R N A , S e p a ra tio n  co n d itio n s  a re  d e s c r ib e d  

in  s e c tio n  2 . 4 ,

(b ) K e y  fo r  "one U " g r a t ic u le .  P ro d u c ts  above  

and  to the  r ig h t  o f th e  in te r r u p te d  l in e  a r e  p e n ta - and  

l a r g e r  o lig o n u c le o tid e s , m a n y  o f w h ic h  o c cu r once p e r  

m o le c u le . N o t a l l  the un ique p ro d u c ts  a re  re s o lv e d  

f r o m  each  o th e r . O pen  c ir c le s ,  no p s e u d o u r id y la te , 

c lo se d  c ir c le s ,  p s e u d o u rid y la te  content suggest one 

p s e u d o u rid y la te  in  an  un ique sequence. C ro s s -h a tc h e d  

c ir c le s ,  m u lt ip le  y ie ld  p ro d u c ts  o r  in c o m p le te ly  

re s o lv e d  m ix tu re s  w ith  som e p s e u d o u rid y la te  p re s e n t.



I

105

106

LONG T, 28S

a. b.



82,

l i k e ly  th a t any g e n e ra l co n c lu s io n s  o b ta in ed  f r o m  a n a ly s is  o f m a t e r ia l  

f r o m  IBS RNA. w o u ld  be e q u a lly  v a l id  fo r  28S R N A .

4 , 4 , D is c u s s io n

In  th is  c h ap te r s tu d ies  on th e  lo c a tio n  and q u a n tita tio n  o f 

p s e u d o u rid in e  in  o lig o n u c le o tid e s  o f H e L a  rR N A  have  b een  

d e s c r ib e d . T h e s e  s tu d ies  w e r e  l im it e d  in  th e ir  scope.

A c c u ra te  q u a n tita tio n  o f the l^p co n ten t o f o lig o n u c le o tid e s  

re q u ire s  (a ) a s y s te m  o f p re p a ra t io n  o f p u re  o lig o n u c le o tid e s  and

(b ) a m e th o d  o f c o m p le te  re s o lu t io n  o f Up f r o m  If-p , T h e  f i r s t  

r e q u ire m e n t  is  fu l f i l le d  p a r t ly ,b u t  no t w h o lly , by tw o - d im e n s io n a l  

f in g e rp r in t in g  te c h n iq u e s . Som e o f the  spots in  the  f in g e rp r in ts  

show n in  F ig s .  4 . 1, 4 . 6 and 4 . 7 a r e  c le a r ly  s e p a ra te d  f r o m  a l l  

n e ig h b o u rin g  sp o ts . H o w e v e r , m a n y  of the spots a r e  no t 

c o m p le te ly  re s o lv e d . T h is  is  p a r t ic u la r ly  obvious in  the c o m p le x  

p a tte rn  o b ta in ed  in  2 8S long  T^ f in g e r p r in ts .  B ecau se  o f in c o m p le te  

re s o lu tio n  o f spots i t  is  no t p o s s ib le  to  o b ta in  p u re  s am p le s  o f som e  

o lig o n u c le o tid e s  fo r  subsequent a n a ly s is . In  the  case o f 288  spots , 

c ro s s  “ C o n tam in a tio n  re s u lte d  in  lo w  le v e ls  o f p s e u d o u rid in e  be ing  

d e te c te d  in  s e v e ra l a d ja c e n t spots . E x a c t lo c a tio n  o f '^p co n ta in in g  

sequences w as no t p o s s ib le . T h e  p ro b le m  w as  le s s  p ro n o u n ced  in  

188 f in g e rp r in ts  b ecau se  o f the s m a lle r  s ize  o f the  m o le c u le  and  

s m a lle r  n u m b e r o f spots . I t  w as  n o t, h o w e v e r , p o s s ib le  to  

o b ta in  p u re  s am p le s  o f a l l  spots in  the  f in g e r p r in ts .

In  C h a p te r  3 a m e th o d  fo r  the  co m p le te  re s o lu tio n  o f U p  

f r o m  IJp in  h y d ro ly s a te s  o f w h o le  rR N A . w as d e s c r ib e d . T h is  

m e th o d  in v o lv e s  tw o d im e n s io n a l c h ro m a to g ra p h y  on W h a tm a n  52



83.

p a p e r . T h e  m e th o d  u sed  in  th is  c h a p te r  fo r  s e p a ra tio n  o f u r id in e  

an d  p s e u d o u rid in e  e m p lo y s  th e  sam e  s o lv e n t b u t c h ro m a to g ra p h y  

is  in  one d im e n s io n  o n ly . R e s o lu t io n  is  s u ff ic ie n t to  m a k e  a 

re a s o n a b le  e s t im a te  o f the ^Ip co n ten t o f s in g le  o lig o n u c le o tid e s  by  

th is  m ethod . M o r e  a c c u ra te  q u a n tita tio n  w o u ld  re q u ire  tw o -  

d im e n s io n a l s e p a ra tio n s , but i t  is  d o u b tfu l w h e th e r  the e f fo r t  

in v o lv e d  w o u ld  have  been  w o r th w h ile  w ith  re s p e c t to  the  tw o  

q u e s tio n s  posed  a t the b e g in n in g  o f th is  c h a p te r .

I t  is  c le a r  f r o m  th e  p re s e n t re s u lts  th a t p s e u d o u rid in e  is  

p re s e n t in  som e " U "  c o n ta in in g  sequences  in  H e L a  rR N A  but 

is  a b se n t f r o m  o th e rs . P s e u d o u r id in e  is  no t s p re a d  ra n d o m ly  

th ro u g h  the  RNA, seq u en ce . A s  in  tR N A , m o d if ic a t io n  o f U p to  

P P  a p p e a rs  to  o c c u r a t s p e c if ic  s ite s  r a th e r  th an  a t a lo w  

fre q u e n c y  in  a l l  U p  c o n ta in in g  s eq u e n c e s . T h is  c o n c lu s io n  

c o n firm s  and c o n s id e ra b ly  exten d s  the  fin d in g s  o f a p re v io u s  

s tu d y  on p s e u d o u rid in e  in  H e L a  rR N A  (A m a ld i & A t t a r d i ,  1 96 8 ), 

A m o n g  the s h o r te r  p ro d u c ts  w h ic h  o c c u r in  h ig h  y ie ld ,o n ly  

a p p ro x im a te  e s t im a te s  o f the  m o la r  fre q u e n c ie s  o f the  y p  co n ta in in g  

sequences w e re  o b ta in e d . R e s u lts  p re s e n te d  h e re  a ls o  show th a t  

P p  is  p re s e n t  in  c e r ta in  lo n g , u n iq u e ly  o c c u r r in g  seq u en ces . T h e  

a m o u n t o f p s e u d o u rid in e  found in  th e s e  sequences suggests  the  

c o m p le te  c o n v e rs io n  o f a u r id in e  re s id u e  to  p s e u d o u rid in e  each  

t im e  the  sequence o c c u rs  (e , g, spots 159 , 2 07 , 3 0 5 ), T h u s  i t  

a p p e a rs  th a t p s e u d o u r id y la t io n  is  in  m a n y  cases an " a ll-o r -n o n W
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m o d if ic a t io n .

T h e  o b je c tiv e s  o f sequence a n a ly s is  o f p s e u d o u rid in e -  

contain ing, sequences w e re  l im it e d  to id e n t if ic a t io n  o f th e  

s h o r te r  sequences. P ro d u c ts  o f d ig e s tio n  w ith  p a n c re a tic  

r ib o n u c le a s e  and w ith  snake v en o m  p h o s p h o d ie s te ra s e  w e re  

a n a ly s e d . A tte m p ts  to  o b ta in  sequence in fo rm a tio n  on the la r g e r  

p s e u d o u rid in e -c o n ta in in g  sequences b y  p a r t ia l  d ig e s tio n  w ith  

snake v en o m  p h o s p h o d ie s te ra s e  w e re  not p e rs e v e re d  w ith , A  

m a jo r  p ro b le m  w ith  th is  typ e  o f in v e s tig a tio n  is  th e  la r g e  n u m b e r  

o f stages in v o lv e d . A c c u ra te  lo c a tio n  and q u a n tita tio n  of y p  in  

p a r t ia l  d ig e s tio n  p ro d u c ts  re q u ire s  a h igh  le v e l  o f ra d io a c t iv ity .

I t  is  d if f ic u lt  (though n o t im p o s s ib le ) ,to  o b ta in  unique o lig o n u c le o tid e s  

o f s u ff ic ie n t ly  h ig h  a c t iv i ty  fo r  th is  typ e  o f a n a ly s is . T h e  l im it e d  

n a tu re  o f the  sequence a n a ly s is  does no t, h o w e v e r , d e tra c t  f r o m  

th e  a n s w e rs  to  th e  m a jo r  q u estio n s  on p s e u d o u rid in e  in  in d iv id u a l  

o lig o n u c le o tid e  s ,
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C h a p ter  5

P a r t ia l  D ig e s t io n  o f 28 S rR N A  w it h  T^ R ib o n u c le a s e  

In  C h a p te r  3 a p o s s ib le  n u m e r ic a l c o r r e la t io n  b e tw ee n  

p s e u d o u rid in e  and 2 ' - 0 -m é th y la t io n  w as in v e s tig a te d . C h a p te r  

4 d e s c r ib e d  e x p e r im e n ts  to  d e te rm in e  w h e th e r the fo r m a t!  on o f  

p s e u d o u rid in e , l ik e  2 ' -  0 - m é th y la t io n , is  sequence s p e c if ic . T h e  

s tu d ie s  d e s c r ib e d  in  th e s e  c h a p te rs  have  g iv en  som e in s ig h t in to  

th e  p re s e n c e  o f m o d if ie d  n u c le o tid e s  in  w h o le  r R N A  m o le c u le s ,

A  n u m b e r o f g roups  have  d ig e s te d  288  rR N A . w ith  T^  

r ib o n u c le a s e  u n d e r m i ld  c o n d itio n s  in  o rd e r  to  p re p a re  la r g e  R N A  

fra g m e n ts  (G o u ld , 1966 , 1967; W ik m a n  e t a l ,  1969; G ou ld  e t al»

1966; P in d e r  e t a l ,  1969; C o x  e t a l . , 1973; G odw in  e t a l,  1 974 ).

T h e s e  la r g e  T ^  re s is ta n t  fra g m e n ts  have  b een  shown to  be a ty p ic a l  

o f th e  288  RNA. m o le c u le s  f r o m  w h ic h  th ey  a re  d erived »b o th  in  

base  c o m p o s itio n  and  s e c o n d a ry  s tru c tu re  (a lr e a d y  no ted  in  

8 e c tio n  1, 2 ). N o  e x te n s iv e  in fo rm a t io n  on the p re s e n c e  o f 

s e c o n d a ry  n u c le o tid e  m o d if ic a t io n s  in  the fra g m e n ts  is  a v a ila b le .

I t  s e e m e d  p o s s ib le  th a t T^ re s is ta n t  fra g m e n ts  m ig h t a ls o  be 

u n u s u a l in  th is  re s p e c t . T h is  c h a p te r  d e s c rib e s  the c h a r a c te r iz a t io n  

o f a la r g e  fra g m e n t f r o m  H e L a  rR N A , P a r t ic u la r  a tte n tio n  w as  

p a id  to the  p re s e n c e  o f p s e u d o u rid in e  re s id u e s  and 2 ' - 0 -m e th y l  

g ro u p s ,

5. 1 P u r i f ic a t io n  and P r o p e r t ie s  of F ra g m e n t  A.

5, 1, 1 P r e p a r a t io n

T h e  s iz e  and  n u m b e r o f n u c le a s e  re s is ta n t  fra g m e n ts
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p ro d u c e d  by p a r t ia l  d ig e s tio n  o f 28S rR N A . depends upon the  

d ig e s tio n  co n d itio n s  u sed . D ig e s t io n  co n d itio n s  e m p lo y e d  in  

th is  study w e re  b a se d  on th o se  descdbed  by C o x  e t a l  (1 9 7 3 ). 

P r e l im in a r y  e x p e r im e n ts  w e re  c a r r ie d  out by R , M i l l e r  as p a r t

o f an H o n o u rs  D e g re e  in  B io c h e m is try ,

32
P  la b e lle d  H e L a  2 8S r R N A  w as  d ig e s te d  w ith  

R N a s e  w ith  a lo w  E n z y m e  to S u b s tra te  r a t io  a t  2 0 °C  (s ta n d a rd  

co n d itio n s  d e s c r ib e d  in  M e th o d s ), T h e  p ro d u c ts  o f d ig e s tio n  w e re  

f ra c t io n a te d  on s u c ro s e  d e n s ity  g ra d ie n ts  and the o p tic a l d e n s ity  

p r o f i le  a t  260 n m  m o n ito re d  (F ig ,  2, 6 ). R a d io a c t iv ity  in  each  o f  

th e  fra c t io n s  w as  a s s a y e d  in  to lu e n e /t r i to n  s c in t i l la n t .  T h e  

g ra p h s  o f r a d io a c t iv ity  and  o p tic a l d e n s ity  fo llo w  each  o th e r  

c lo s e ly .

T h e  fa s te s t  s e d im e n tin g  m a t e r ia l  on s u cro s e  g ra d ie n ts  

ru n s  as a p eak  o f o p tic a l d e n s ity  p a r t ia l ly  s e p a ra te d  f r o m  s m a lle r  

m a t e r ia l .  S e p a ra tio n  co n d itio n s  w e re  a d ju s te d  to  m a x im iz e  

th e  re s o lu t io n  o f th is  p e a k . T h e  p eak  w as poo led  and  

d e s ig n a te d  fra g m e n t A , P re p a r a t io n s  o f fra g m e n t A  w e re  r e r u n  

on s u c ro s e  g ra d ie n ts  in  p a r a l le l  w ith  u n fra c tio n a te d  28 S p a r t ia l  

d ig e s ts . T h e  p u r if ie d  fra g m e n t ru n s  as a s in g le  p eak  a t the  

sam e  p o s itio n  as f ra g m e n t  A  in  the p re v io u s ly  u n fra c tio n a te d  

d ig e s t. T h e  r e r u n  fra g m e n t p e ak  is  b ro a d e r  th an  in  th e  in i t ia l  

f ra c t io n a t io n  bu t th e re  is  no e v id e n c e  o f m a jo r  h e te ro g e n e ity .

D ig e s tio n s  o f 288  r R N A  w e re  a ls o  c a r r ie d  out in  w h ic h



e n zy m e  c o n c e n tra tio n s  0. 1 t im e s  and 10 t im e s  n o rm a l w e re  u sed .

T h e  o p tic a l d e n s ity  p ro f i le s  o b ta in e d  w e re  a p p a re n tly  id e n t ic a l  

w ith  those o b ta in ed  w hen  d ig e s tio n  w as c a r r ie d  out u n d e r  

s ta n d a rd  c o n d itio n s . H o w e v e r , a d e c re a s e  in  R N a s e  a c t iv i ty  

w as  n o tab le  w hen  the sam e e n zy m e  p re p a ra t io n  w as u sed  o v e r  

a p e r io d  o f s e v e ra l m o n th s . T h e  s e p a ra tio n  o f fra g m e n t A  f r o m  

th e  s m a l le r  m a t e r ia l  on s u c ro s e  g ra d ie n ts  b e ca m e  le s s  d is t in c t .

T h e  a m o u n t o f r a d io a c t iv ity  poo led  in  fra g m e n t A. w as  

c a lc u la te d . In  fo u r  d e te rm in a tio n s  a m e a n  v a lu e  o f 1 8% o f to ta l  

ra d io a c t iv ity  on the g ra d ie n t  w as  found to be in  f r a g m e n t  A . I f  

f ra g m e n t A. re p re s e n ts  th is  p e rc e n ta g e  o f the w h o le  28 S r R N A  

m o le c u le , i t  co n ta in s  a p p ro x im a te ly  900  n u c le o tid e s .

5. 1, 2 B a s e  c o m p o s itio n

T h e  b ase  c o m p o s itio n  o f fra g m e n t A  f r o m  s e v e ra l p re p a ra tio n s  

w as  d e te rm in e d . A u to ra d io g ra p h s  o f e le c tro p h o re t ic  s e p a ra tio n s  

o f T ^  R N a s e  d ig e s ts  show v e r y  l i t t l e  m a te r ia l  ru n n in g  o u ts id e  the  

m o n o n u c le o tid e  bands. T h e  n u c le o tid e  c o m p o s itio n  of m a t e r ia l  

ru n n in g  w ith in  th e  m o n o n u c le o tid e  bands is  shown in  T a b le  5. 1, D a ta  

show th a t fra g m e n t A  p re p a ra t io n s  co n ta in  a v e r y  h ig h  p ro p o r t io n  

o f c y tid in e  and guan ine re s id u e s . T h e  co n d itio n s  o f p re p a ra t io n  

o f fra g m e n t A  w e re  re p ro d u c e d  as e x a c tly  as p o s s ib le  on each  

o c ca s io n . V a r ia t io n s  in  d ig e s tio n  te m p e ra tu re  and r ib o n u c le a s e  

a c t iv i ty  m a y  s lig h t ly  a l t e r  th e  d e g re e  o f d ig e s tio n  o f R N A . In  

a d d itio n  th e re  m a y  be som e s lig h t a lte r a t io n  in  the e x a c t p o r t io n



T A B L E  5. 1

N u c le o t id e  c o m p o s itio n  o f F r a g m e n t  A  f r o m  H e L a  c e ll  28  S rR N A

%

C p 4 0 ,4 3 ,4

A p 9 .2
+

1. 6

Gp 3 9 . 1
+

2 .4

Up 11. 6
+

2, 0

T h e s e  re s u lts  a re  m ean s  o f 8 d e te rm in a tio n s  u s in g  

T ^  R ib o n u c le a s e , O n ly  m a t e r ia l  ru n n in g  w ith in  

th e  m o n o n u c le o tid e  bands w as  in c lu d e d .
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o f the  g ra d ie n t w h ic h  is  p o o led  as fra g m e n t A ,

5. 1. 3 R ib o n u c le a s e  F in g e rp r in ts  o f F ra g m e n t  A  

F r a g m e n t  A  w as c o m p le te ly  d ig es ted  w ith  R N a s e  and  

th e  p ro d u c ts  f in g e rp r in te d  (F ig ,  5, 1), E le c tro p h o re s is  in  the  

second d im e n s io n  w as  fo r  16 h o u rs . O lig o n u c le o tid e s  in  the "no  

U " g ra t ic u le  a re  re ta in e d  on the f in g e r p r in t  us ing  th is  le n g th  

o f s e p a ra tio n .

T h e  fo llo w in g  p o in ts  m a y  be noted  f r o m  T^ f in g e rp r in ts  

o f fra g m e n t A : -  (1 ) T h e re  a re  fe w e r  spots th an  in  T^ f in g e rp r in ts  

o f w h o le  28 S R N A  (c . f ,  1 U and 2 U g ra t ic u le s  o f f in g e rp r in ts  

in  C h a p te r  4 ),

(2 ) M o s t o f the ra d io a c t iv ity  is  in  the s h o rt  

sequences in  the "no U *’ and  "one U " g ra t ic u le s . T h is  is  

c o n s is te n t w ith  the  fa c t  th a t a la r g e  n u m b e r o f G  re s id u e s  is  p re s e n t,

(3 )  T h e  g ra t ic u le s  a re  h e a v i l iy  b ia s e d  to w a rd s  C p  

c o n ta in in g  o lig o n u c le o tid e s , A p  c o n ta in in g  spots a r e  fa in t  and  

spots c o n ta in in g  m o re  th a n  tw o  A p  re s id u e s  a p p e a r to  be v ir t u a l ly  

ab se n t.

(4 ) T h e re  is  v e r y  l i t t l e  m a te r ia l  w h ic h  does not 

m ig r a te  in  the second d im e n s io n  o f e le c tro p h o re s is . M a n y  o f  

th e  spots n e a r  the second d im e n s io n  o r ig in  a r e  v e r y  fa in t  and  

m a y  be s u b m o la r  c o n ta m in a n ts ,

(5 )  T h e  o n ly  w e l l  re s o lv e d  m e th y la te d  spot is  fa in t  

G'mG'p, A  n u m b e r o f o th e r  m e th y la te d  spots w h ic h  w o u ld  be re s o lv e d



F i g .  5. 1

S ta n d a rd  R N a s e  f in g e r p r in t  o f H e L a  fra g m e n t  

A , C o n d itio n s  o f d ig e s tio n  and e le c tro p h o re s is  a re  

d e s c r ib e d  in  s e c tio n  2 .4 ,
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32in  P  f in g e rp r in ts  a re  a b sen t. T h e s e  o b s e rv a tio n s  a r e  co n s is te n t 

w ith  the fa c t  (T a b le  5, 1) th a t the fra g m e n t is  h ig h ly  r ic h  in  Gp 

an d  C p re s id u e s  and suggests  th a t fe w  m e th y l groups a r e  p re s e n t  

( in v e s tig a te d  in  m o re  d e ta il  la t e r ) .  T h e  p re p a ra t io n  a p p e a rs  

to  be re a s o n a b ly  p u re  a lth o u g h  som e fa in t  c o n ta m in a tin g  spots  

a r e  d e te c ta b le .

5, 1, 4 P a n c r e a t ic  R ib o n u c le a s e  F in g e r p r in ts  o f F ra g m e n t  A

P a n c r e a t ic  r ib o n u c le a s e  c le a v e s  RNA, a t C p and U p  

re s id u e s  o n ly . F ig .  5, 2, shows th e  f in g e r p r in t  o f a p a n c re a tic  

R N a s e  d ig e s t o f H e L a  fra g m e n t A , In  a d d itio n  to  the e x p e c te d  

o lig o n u c le o tid e s  te r m in a te d  by C p and U p ,sp o ts  due to  Gp and  

c y c lic  Gp a re  p re s e n t as w e l l  as t ra c e s  of A G p  and  U G p, T h e s e  

can  o n ly  be due to  d ig e s tio n  o f 28  S RNA. a t c e r ta in  Gp re s id u e s  

in  the o r ig in a l  p a r t ia l  T^  R N a s e  d ig e s ts :-  A n  R N A  s p ec ies  

w ith  a h ig h  d e g re e  o f s e c o n d a ry  s tru c tu re  can u n d e rg o  d ig e s tio n  a t a 

fe w  po in ts  w ith in  its  sequence w ith o u t lo ss  o f a p p a re n t in te g r i ty .

T h e  v a r io u s  o lig o n u c le o tid e s  p re s e n t a re  h e ld  to g e th e r  by b a s e -  

p a ir in g . Subsequent d ig e s tio n  w ith  p a n c re a tic  R N A  se re le a s e s  

o lig o n u c le o tid e s  te r m in a te d  by  Gp f r o m  p o s itio n s  a d ja c e n t to in te r n a l  

n ic k s . T h e  p re s e n c e  o f Gp, U G p and A G p  in  p a n c re a tic  

f in g e r p r in ts  suggests  th a t the fra g m e n t conta ins  a n u m b e r o f th ese  

in te r n a l  n ic k s .

T a b le  5. 2 shows the r e la t iv e  y ie ld s  o f spots in  P a n c re a t ic  

R N a s e  f in g e rp r in ts  o f F r a g m e n t  A , Y ie ld s  w e re  e x p re s s e d  as a 

p e rc e n ta g e  of th a t o f the  s tro n g e s t spot C p (p lu s  c y c lic  C p ) , I t
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32P a n c r e a t ic  R N a s e  f in g e r p r in t  o f P -  

la b e lle d  H e L a  fra g m e n t A , C o n d itio n s  o f d ig e s tio n  

and  s e p a ra tio n  a r e  d e s c r ib e d  in  s e c tio n  2 ,4 ,



w

P c

A
G p > à

AU
GC

h r

*> LL Up
k

one

% #
>



T A B L E  5, 2.

R e la t iv e  Y ie ld  o f Spots in  P a n c r e a t ic  R N a s e  F in g e r p r in ts  

o f F ra g m e n t  A .

A. f ig u re  o f 100 w as  a r b i t r a r i l y  se t fo r  the y ie ld  o f the  s tro n g e s t spot 

C p  (p lu s  c y c lic  C p ),

Spot Y ie ld

Cp p lus C y c lic  C p  100

A C p  5 ,4

A ^ C p  0 ,4

A ^ C p  0 ,2

U p  p lus  c y c lic  U p  2 1 ,7

A U p  0, 5

A ^ U p  0 ,2

Gp p lus  c y c lic  G p 2, 3

G C p 23

G Up 7, 0

U G p 1, 5

A G p  0, 1
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is  no t p o s s ib le  to  e s t im a te  th e  e x a c t n u m b e r o f in te r n a l

n ic k s  cau sed  by s in ce  the m o la r i t y  o f none o f the  spots is

k n o w n . H o w e v e r , the  co m b in ed  y ie ld  o f Gp, A G p  and  UG p is

o n ly  4% o f th a t o f C p .

5, 1. 5 P o ly a c r y la m id e  G e l E le c tro p h o re s is  o f F ra g m e n t  A

32F ig ,  5. 3 shows an e le c tro p h o re t ic  s e p a ra tio n  o f P -  

la b e lle d  fra g m e n t A  on a n e u tr a l  6% p o ly a c ry la m id e  g e l. T h e re  

a r e  f iv e  p ro m in e n t bands ru n n in g  n e a r  th e  top  o f the  g e l o f w h ic h  

band 3 is  th e  m o s t ra d io a c t iv e .  A  n u m b e r o f w e a k ly  la b e lle d  

bands a r e  v is ib le  in  the  lo w e r  p o r t io n  o f the g e l.

T h e  r e la t iv e  s tre n g th  o f th e  f iv e  m a jo r  bands w as  

found  to  v a ry  so m ew h a t b e tw e e n  d if fe r e n t  fra g m e n t A  p re p a ra t io n s .

In  p a r t ic u la r  the r e la t iv e  s tre n g th  o f band 1 v a r ie d  m a r k e d ly .  T h is  

p ro b a b ly  r e f le c ts  a v a r ia t io n  in  the  p o r tio n  o f the g ra d ie n t po o led  as 

f ra g m e n t A ,  B an d  1 is  the  la r g e s t  sp ec ies  p re s e n t and m a y  ru n  

s lig h t ly  ahead  o f the  m a in  p eak  of o p tic a l d e n s ity  on g ra d ie n ts . T h e  

a m o u n t o f band 1 m a t e r ia l  c o lle c te d  m a y  depend on e x a c tly  

w h e re  c o lle c tio n  o f f ra g m e n t A. is  c o m m en ced  fo r  each p re p a ra t io n ,

1 8S and 5. 8S R N A 's  w e re  ru n  on a 6% g e l in  p a r a l le l  w ith  

f ra g m e n t  A , 18 S h a r d ly  m ig r a te d  in to  the g e l w h ils t  5. 8S m ig r a te d  

m u c h  fa s te r  th an  any o f th e  m a jo r  bands in  the fra g m e n t p re p a ra t io n .

In  the  ab sen ce  o f s u ita b le  s iz e  m a r k e r s  i t  is  n o t p o s s ib le  to  c a lc u la te  e x a c t  

s ize s  o f the  sp ec ies  in  each  o f the m a in  bands. A l l  the m a jo r  

fra g m e n ts  a re  m u c h  la r g e r  th an  5. 8, S R N A  (160  n u c le o tid e s ) but



F i g .  5 .3

E le c tro p h o re s is  o f H e L a  and  L - c e l l  f r a g m e n t  A  

p re p a ra tio n s  on n e u tra l  6% p o ly a c ry la m id e  g e ls .

T h e  p o s itio n s  o f the m a jo r  bands a r e  m a rk e d  w ith  

a r ro w s  -  H e L a  on the  le f t ,  L - c e l l  on the r ig h t ,  H e L a  5. 8S 

R N A  w as ru n  a lo n g s id e  the  fra g m e n t p re p a ra tio n s  and  its  

p o s itio n  is  a ls o  m a rk e d .
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none is  as la r g e  as 1 8 S R N A  (2 0 0 0  n u c le o tid e s ). T h e  e s t im a te  

o f 900 n u c le o tid e s  le n g th  o b ta in e d  f r o m  ra d io a c t iv ity  m e a s u re m e n ts  

p ro b a b ly  re p re s e n ts  a re a s o n a b le  e s t im a te  o f the m e a n  s iz e  o f 

th e  s p ec ie s  p re s e n t,

5, 2 S e c o n d a ry  s tru c tu re  o f F ra g m e n t  A  

In  s ec tio n  5, 1 i t  w as show n th a t fra g m e n t A. has a h ig h  

G  + C co n ten t. A lth o u g h  in te r n a l  n ic ks  a re  p re s e n t in  its  

sequence the in te g r i ty  o f the fra g m e n t is  m a in ta in e d . T h is  suggests  

th a t fra g m e n t A  has c o n s id e ra b le  s ec o n d a ry  s tru c tu re  b ased  m a in ly  

on th e  fo rm a t io n  o f G -C  b ase  p a ir s .  In  subsequent sec tio n s  e x p e r im e n ts  

a re  d e s c r ib e d  in  w h ic h  the  s e c o n d a ry  s tru c tu re  o f fra g m e n t  A  w as  

fu r t h e r  in v e s tig a te d

5, 2, 1 D e n a tu r in g  G e ls

B ands f r o m  n e u tr a l  p o ly a c ry la m id e  gels  (S e c tio n  5, 1) w e re  

c u t f r o m  th e  o r ig in a l  g e l s la b  and  ru n  on a 9% p o ly a c ry la m id e ,

6 M  u re a  d e n a tu rin g  g e l. F ig .  5, 4  shows an  a u to ra d io g ra p h  f r o m  

th is  typ e  o f g e l. T h e  b a c k g ro u n d  ra d ia t io n  is  q u ite  h ig h  on 

th is  s e p a ra tio n  and v is u a liz a t io n  o f fa in t  bands is  d if f ic u lt .  C o m p a r is o n  

o f the  band  p a tte rn s  in  each  s lo t show s a h ig h  d e g re e  o f s im i la r i t y .

T h e  in te n s ity  o f the m a jo r  bands v a r ie s , so m ew h at b e tw ee n  s lo ts  

b u t th e re  a r e  s e v e ra l  bands w h ic h  a re  co m m o n  to a l l ,

D e n a tu r in g  g e ls  c o n f irm  the  p re s e n c e  of a n u m b e r o f  

in te r n a l  n icks  in  the  f ra g m e n t  A  sequence. T h e  s im i la r i t y  o f 

p a tte rn  o f .a l l  the  m a in  bands f r o m  n e u tra l  ge ls  suggests  th a t th e y  

m a y  have p a r t  o f th e ir  sequence in  co m m o n . F ra g m e n t  A,



F i g ,  5 . 4

E le c tro p h o re s is  of H e L a  fra g m e n t A  bands f r o m  

n e u tr a l  6% p o ly a c ry la m id e  g e ls  on 6 M  u re a , 9%  

p o ly a c ry la m id e  g e ls . T h e  p o s itio n s  o f the m a jo r  

bands a r e  m a rk e d  w ith  a r r o w s .
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p re p a ra t io n s  m a y  be a c o lle c tio n  o f fra g m e n ts  w h ic h  d if fe r  

so m ew h a t in  le n g th  bu t w h ic h  a r e  a l l  d e r iv e d  f r o m  th e  sam e p a r t  

o f th e  28 S rR N A  m o le c u le ,

5, 2. 2 B is u lp h ite  M o d if ic a t io n

S o d iu m  b is u lp h ite  re a c ts  w ith  n o n -h y d ro g e n  bonded  

p y r im id in e  re s id u e s . In  p a r t ic u la r ,c y tid in e  fo rm s  an  adduct 

( 5 - 6  d ih y d ro  c y tid in e  - 6  -  s u lp h o n ate ) w h ic h  is  n o n -r  e v e r  s ib ly  

c o n v e r te d  to  u r id in e  a t s lig h t ly  e le v a te d  pH , T h is  re a c t io n  

has  been  u sed  to id e n t ify  n o n -h y d ro g e n -b o n d e d  c y tid in e  re s id u e s  

in  tR N A  (G o d d a rd  & S c h u lm a n y  1 9 7 2 ). M o re  r e c e n t ly  G o d d a rd  

& M a  den (1 9 7 6 ) h ave  u sed  the  re a c t io n  as a c o n fo rm a tio n a l p ro b e  

fo r  m e th y la te d  sequences in  H e L a  28 S rR N A ,

B is u lp h ite  m o d if ic a t io n  w as  used  h e re  as a p ro b e  fo r  

s e c o n d a ry  s tru c tu re  in  fra g m e n t  A , T h e  fra g m e n t is  r i c h  in  

G p and  Gp re s id u e s  w hen  c o m p a re d  w ith  w h o le  28S R N A , I f  

i t  is  a ls o  r e la t iv e ly  r ic h  in  G -C  base p a irs  its  r e a c t iv i t y  to  

s o d iu m  b is u lp h ite  shou ld  be lo w  w hen  c o m p a re d  w ith  th a t o f 

2 8  8 R N A ,

H e L a  fra g m e n t A. and  m a jo r  28 S rR N A . w e re  re a c te d  

w ith  3 M  b is u lp h ite ,  pH  6, 0 a t 2 5 ° C . T h e  t im e  c o u rs e  of 

th e  re a c t io n  w as  fo llo w e d  o v e r  s e v e ra l  days and  base  c o m p o s itio n s  

o f sam p les  w ith d ra w n  a t v a r io u s  t im e s  w e re  d e te rm in e d , (T a b le  5, 3 ), 

F r o m  th e  re s u lts  o b ta in e d  a g ra p h  o f log  (re m a in in g  G) v s . t im e  

w as  p lo tte d  (F ig ,  5, 5 ),

T h e  re s u lts  o b ta in e d  fo r  m a jo r  28 SrRNA. a r e  in  re a s o n a b le



T A B L E  5. 3

(a )  28  S
%

T im e /h o u r s A p Gp U p  f  y p G p . % R e m a in in g

0 16. 3 3 5 . 6 17, 5 30 , 6 100

24 1 6 ,4 35 . 8 2 3 .4 2 4 ,5 7 9 .9

4 8 1 6 ,2 3 5 .7 26 , 2 2 1 ,9 71 , 3

96 15, 5 3 5 ,7 3 1 ,3 17, 6 5 7 ,4

(b ) F ra g m e n t  A

%

T im e /h o u r s A p Gp Up + y p Gp

0 9 ,7 38 . 6 12, 5 3 9 .2

24 8. 8 3 9 . 1 19. 0 33 , 1

48 8 ,9 3 9 .3 2 0 , 7 31 , 1

96 9 .0 3 8 ,2 25 , 6 2 7 .2

100  

84, 4

7 9 .3

6 9 .3

C hange in  N u c le o tid e  C o m p o s itio n  A f t e r  R e a c tio n  w ith  B is u lp h ite  

RNA. w as re a c te d  fo r  th e  p e r io d s  in d ic a te d , su b jec ted  to  

c o m p le te  h y d ro ly s is  w ith  T^  R N a s e  and the p ro d u c ts  s e p a ra te d  

b y e le c tro p h o re s is  on W h a tm a n  52 p a p e r a t pH  3, 5, O n ly  

r a d io a c t iv ity  in  the fo u r  m a jo r  bands w as defer m in e d . T h e  

v a lu e s  shown a re  m ean s  o f th re e  d e te rm in a tio n s .
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Fig. 5*5 Graph of log(% Remaining ) vs. time 
for modification of Hela fragment A and 28S rRNA 
with 5N bisulphite, pH 6.0 at 25°G. AliqUots were 
withdrawn at various times and their base composition 
.analysed. The % at any given time was expressed 
as a percentage of the % in the sample withdrawn 
at t=0#
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a g re e m e n t w i t h  those o f G o d d a rd  and M a d e n  (1 9 7 6 ), R e a c tio n  is

fa s te s t  d u rin g  the f i r s t  24 h o u rs . E v e n  a f te r  96 h o u rs  no p la te a u

in  the re a c t io n  has b een  re a c h e d . T h e  r e a c t iv i t y  o f fra g m e n t A  to

so d iu m  b is u lp h ite  is  m a r k e d ly  le s s  th an  th a t o f the  m a jo r  28 S m o le c u le  f r o ir

w h ic h  i t  is  d e r iv e d . C o n v e rs io n  o f 30% o f Cp re s id u e s  ta k e s  about

tw ic e  as long  (c a *9 6  h o u rs ) in  fra g m e n t  A  as in  28S R N A  (c a .4 8  h o u rs ).

T h is  suggests th a t a g r e a te r  p ro p o r t io n  o f Cp re s id u e s  in  fra g m e n t  

A. is  in v o lv e d  in  h y d ro g e n -b o n d in g  in te ra c t io n s . T h e  r e a c t iv it y  o f 

28S RNA. to  b is u lp h ite  is  a c o m b in a tio n  o f the r e a c t iv i ty  o f the  

f ra g m e n t  A. p a r t  o f the  m o le c u le  and th a t o f o th e r p a rts  o f the m o le c u le .

I t  seem s  th e re fo re , th a t th e  p a r ts  o f 2 8 8  R N A  not p re s e n t in  

f ra g m e n t  A  m u s t be r e la t iv e ly  m o re  r e a c t iv e  to  b is u lp h ite  and  

c o n ta in  r e la t iv e ly  few  G -C  p a irs ,

5. 2, 3 E le c t r o n  M ic ro s c o p y  o f H e L a  F ra g m e n t  A .

E le c tr o n  m ic ro s c o p y  has g iven  c o n s id e ra b le  in s ig h t in to  

th e  s ec o n d a ry  s tru c tu re  o f rR N A  (D is c u s s e d  in  ,C h a p te r  1 ), T h e  

m a jo r  s t r u c tu r a l  fe a tu re s  o f H e L a  288  rR N A  have  b een  d e te rm in e d  

b y  h e te ro d u p le x  m a p p in g  (W e lla u e r  & D a w id , 1974 ), F ra g m e n t  A  

is  d e r iv e d  f r o m  H e L a  288 rR N A . and  is  thought to co n ta in  a 

c o n s id e ra b le  d e g re e  o f s e c o n d a ry  s tru c tu re .  I t  th e re fo re  seem ed  

p o s s ib le  th a t e le c tro n  m ic ro s c o p y  o f fra g m e n t A  m ig h t re v e a l  

in te re s t in g  s t r u c tu r a l  fe a tu re s .

F ra g m e n t  A  w as s p re a d  fo r  e le c tro n  m ic ro s c o p y  in  

80% fo rm a m id e  (s e e  m e th o d s ). E le c tr o n  m ic ro g ra p h s  (F ig ,  5. 6) 

show a c o lle c tio n  o f b ra n c h e d  m o le c u le s  in  a v a r ie ty  of



F ig .  5, 6

E le c t r o n  m ic ro g ra p h  o f H e L a  fra g m e n t  

A  (X  150, 0 0 0 ), C o n d itio n s  o f s p re a d in g  a re  

d e s c r ib e d  in  s e c tio n  2 , 6.
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Eig*. 5*7 Histogram of lengths of fragment A
molecules as seen in electron micrographs. 

The contour lengths of 11A molecules in four 
different micrographs w e r e measured. The 
actual length of molecules was calculated 
from the magnification of the electron 
microscope,
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c o n fig u ra tio n s . T h e  m o s t c o m m o n  s p ec ies  a p p ea rs  to c o n s is t  

o f one s h o rt b ra n c h  and  tw o  lo n g e r  b ra n c h e s  o f ro u g h ly  eq u a l 

le n g th . A  few  s h o rt u n b ra n c h e d  m o le c u le s  a re  seen w h ic h  

m a y  be s in g le  b ra n ch e s  c le a v e d  fro m  la r g e r  s p ec ies .

M o le c u le s  in  s e v e ra l  e le c tro n  m ic ro g ra p h s  w e re  

e n la rg e d  w ith  a p r o f i le  p ro je c to r  and t h e ir  co n to u r len g th s  

m e a s u re d . M o le c u la r  s iz e  w as c a lc u la te d  a p p ro x im a te ly  f ro m  

th e  .n o m in a l’ m a g n if ic a tio n  o f the  m ic ro s c o p e . N o  in te r n a l  

le n g th  s ta n d a rd  w as in c lu d e d  in  the  m ic ro g ra p h s . F ig .  5. 7, 

shows a h is to g ra m  o f the co n to u r len g th s  m e a s u re d . M o s t  

o f the m o le c u le s  h ave  co n to u r len g th s  o f b e tw een  70 n m . and  120 n m  

T h is  c o rre s p o n d s  to  a m a ss  of a p p ro x im a te ly  0, 1 5 x  10^ to  

0 , 26 X 10^ D a lto n s  (4 5 0 .-8 0 0  n u c le o tid e s ) i f  the m o le c u le s  a re  

c o m p le te ly  b ih e lic a l .

T h e  h ig h  G  + C co n ten t o f f ra g m e n t A  and its  lo w  

r e a c t iv i t y  to  b is u lp h ite  suggest a h ig h  d e g re e  o f b a s e -p a ir in g .

A lth o u g h  b a s e -p a ir in g  is  e x te n s iv e  i t  m a y  be im p e r fe c t .  A s  d e s c r ib e d  

a b o ve , p a n c re a tic  R N a s e  f in g e rp r in ts  and d e n a tu rin g  ge ls  have  

show n th a t a n u m b e r o f in te r n a l  n ic ks  a re  p re s e n t in  the  fra g m e n ts .

T h e  d e n a tu r in g  s o lv e n t used  fo r  e le c tro n  m ic ro s c o p y  m a y  

cause som e b re a k d o w n  o f s e c o n d a ry  s tru c tu re  a ro u n d  th ese  n ic k s .

I t  is ,  th e r e fo r e ,  p ro b a b le  th a t the m o le c u le s  o b s e rv e d  in  e le c tro n  

m ic ro g ra p h s  a re  not p e r fe c t ly  b ih e lic a l.  E s t im a te s  o f the  

m o le c u la r  w e ig h t o f th e  fra g m e n t m a y  be too la rg e  b ecau se  o f th is .



5 ,3 .  M o d if ie d  N u c le o tid e s  in  F ra g m e n t  A  

5 .3 .1  M é th y la t io n

F in g e r p r in ts  o f p a n c re a tic  R N A  se and T   ̂ R N a s e  d ig ests

o f f ra g m e n t A  have su ggested  th a t o n ly  a few  m e th y l g roups a re

p re s e n t. D ig e s t io n  w ith  a c o m b in a tio n  o f and p a n c re a tic

R N A  ses is  p a r t ic u la r ly  u s e fu l w hen  s tu d y in g  m é th y la tio n .

F in g e r p r in ts  o f th is  type a r e  f a i r ly  s im p le . M a n y  c h a r a c te r is t ic

m e th y la te d  sequences a re  w e l l  re s o lv e d  f r o m  u n m e th y la te d  

32
sequences in  P  f in g e rp r in ts  due to  the p re s e n c e  of e n z y m e - 

r e s is ta n t  m e th y la te d  lin k a g e s . M é th y la t io n  in  fra g m e n t A. has been  

stu d ied  by use o f p lus p a n c re a tic  f in g e rp r in ts  of both  and

la b e lle d  m a te r ia l .

14
P a r t ia l  d ig e s tio n  of C -rm e th y l la b e lle d  H e L a  28 S r R N A

w as  c a r r ie d  out as u s u a l and the p ro d u c ts  fra c t io n a te d  on

s u cro s e  d e n s ity  g ra d ie n ts . F ig .  5. 8 shows the  d is tr ib u t io n  o f

14
r a d io a c t iv ity  a c ro s s  the g ra d ie n t. T h e  g rap h  of C counts

does not c lo s e ly  fo llo w  the o p tic a l d e n s ity  p ro f i le  as w as the case  

32
in  P  d ig e s ts . M o s t o f the r a d io a c t iv ity  is  in  m a te r ia l  

s e d im e n tin g  m o re  s lo w ly  tJian fra g m e n t A . T h e re  is  a s m a ll  

p eak  of a c t iv i ty  c o rre s p o n d in g  to  the  m a jo r  p a r t  o f f ra g m e n t A .

In  a d d itio n , th e re  is  a s m a ll fa s te r  ru n n in g  p eak  w h ich  c o rre s p o n d s

to  the le a d in g  edge o f the fra g m e n t o p tic a l d e n s ity  p eak . In

f iv e  p re p a ra tio n s  a m e a n  v a lu e  of 1 .9  - 1. 2% o f to ta l ra d io a c t iv ity

-f
w as  found in  th is  s m a ll p e ak  w h ils t  4 . 7 - 1. 6% w as  poo led

in  F ra g m e n t  A .

14
C la b e lle d  fra g m e n t A  w as c o m p le te ly  d ig e s ted  w ith



F i g ,  5 . 8

D is tr ib u t io n  o f r a d io a c t iv ity  in  p a r t ia l  d ig ests  o f

14
C -m e th y l  la b e lle d  H e L a  28S R N A . R N A  w a s .d ig e s te d

u n d e r s ta n d a rd  co n d itio n s  and p ro d u c ts  s e p a ra te d  by

s u cro s e  g ra d ie n t c e n tr ifu g a t io n . T h e  o p tic a l d e n s ity

o f the fra c t io n s  w as  m o n ito re d  and a liq u o ts  w e re  

14
a s s a y e d  fo r  C - r a d io a c t iv i t y  in  to lu e n e /t r i to n

s c in t i l la n t .
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and p a n c re a tic  r ib o n u c le a s e s  and  f in g e rp r in te d . T h e

a u to ra d io g ra p h  o f the  s e p a ra tio n  shows o n ly  one c le a r  spot

( F ig .  5. 9 a ) , T h is  spot w as  e x c is e d , d ig es ted  w ith  R N a s e

T ^  and  s u b jec te d  to  e le c tro p h o re s is  a t pH  3, 5 (F ig ,  5, 9b ),

A  s in g le  spot w as seen  w hose m o b il i ty  w as in te rm e d ia te  b e tw ee n

Gp and  Up m a r k e r  m o n o n u c le o tid e s  suggesting  th a t G m -G p

is  p re s e n t (M a d e n  & S a lim , 1 97 4 ). In  a subsequent T^ p lus

14
p a n c re a t ic  f in g e r p r in t  o f C - la b e l le d  f ra g m e n t 'A  a second spot 

w as  o b s e rv e d  ru n n in g  c lo se  to  G m G . T h is  fa in t  spot w as  p ro b a b ly  

due to  U m -G p  a n d /o r  G m -U p .

32
F ig ,  5. 10 shows T^ p lus  p a n c re a t ic  f in g e rp r in ts  o f P

la b e lle d  fra g m e n t A. and  o f w h o le  28  S r R N A , T h e  p a tte rn  f r o m

2 8  8 R N A  shows ’ a  n u m b e r  o f s m a ll  spots due to m e th y la te d

o lig o n u c le o tid e s  (c h a r a c te r iz e d  by M a d e n  & S a lim , 1 9 7 4 ). T^

p lus  p a n c re a tic  f in g e r p r in ts  o f fra g m e n t A  a re  m u ch  s im p le r  th an

fo r  28 S R N A , C p and  Gp a r e  o b v io u s ly  p re s e n t in  m u c h  la r g e r

am o u n ts  th an  Up, T h e  o n ly  m e th y la te d  spots w h ic h  can be seen

a r e  G m G  and fa in t  U m G . I t  is  no t p o s s ib le  to  d e te rm in e  the

p re s e n c e  o r  ab sen ce  o f th o se  fe w  m e th y la te d  p ro d u c ts  w h ic h  ru n

c o in c id e n ta lly  w ith  n o n -m e th y la te d  o lig o n u c le o tid e s  in  th is  s y s te m .

T h e  e x a c t n u m b e r o f m é th y la tio n s  p re s e n t in  fra g m e n t A

canno t be a c c u ra te ly  d e te rm in e d  f r o m  th e s e  re s u lts .  I t  is

h o w e v e r  c le a r  th a t th e  le v e l  o f m é th y la t io n  is  lo w  and  th a t m a n y

c h a r a c te r is t ic  28 S m é th y la tio n s  a r e  ab sen t. I t  a p p e a rs  th a t

14
th e  p ro p o r t io n  o f to ta l G -m e th y l  counts in  th e  fra g m e n t A  p o rtio n



Fis. 5. 9
(a )  p lus p a n c re a tic  R N a s e  f in g e r p r in ts  o f

14
C -  la b e lle d  H e L a  fra g m e n t A ,

(b ) p H  3, 5 e le c tro p h o re t ic  s e p a ra tio n  o f a lk a l i  

d ig e s te d  m a t e r ia l  f r o m  spot m a rk e d  G m G  in  (a ) .
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Fis. 5.10

T ^  plus p a n c re a tic  R N a s e  f in g e rp r in ts  o f  

32
(a )  P - la b e l le d  H e L a  fra g m e n t A ,

(b ) ^ ^ P - la b e l le d  H e L a  28 S rR N A .
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32
o f s u c ro s e  g ra d ie n ts  is  m u c h  le s s  th a n  th e  p ro p o r t io n  o f P  

counts in  th e  c o rre s p o n d in g  fr a c t io n s . T h is  suggests  th a t  

m é th y la t io n  is  s ig n if ic a n t ly  le s s  fre q u e n t in  the fra g m e n t A  p o r tio n  

o f the 28  S sequence th an  in  the  sequence as a w h o le ,

32
T h e  spots in  T^ p lus  p a n c re a t ic  f in g e rp r in ts  o f P  

fra g m e n t  A  w e re  a s s a y e d  fo r  ra d io a c t iv ity .  T h e  counts p e r  

m in u te  in  tw o lo w  y ie ld  spots ( A ^ U  and A.^C) w e re  v ir t u a l ly  

id e n t ic a l .  T h e s e  sequences w e re  a ss u m e d  to o c cu r once each  

in  the  fra g m e n t seq u en ce . A l l  o th e r o lig o n u c le o tid e s  w e re  

q u a n tita te d  r e la t iv e  to th ese  sequences b y  use of the  fo llo w in g  

r e la t io n s h ip

A ^ U  - X  c, p , m ,

A ^ C  . -  y  c, p , m .

T h e r e fo r e  c, p . m . p e r  m o le  o f n u c le o tid e  s — —^ ^

s u g g ested  m o la r  y ie ld s  a r e  show n in  ta b le  5 ,4 ,  T h e  m e th y la te d  

d in u c le o tid e  G m -G p  is  a p p a re n t ly  a lm o s t u n im o la r ,  U m -G p /  

G m -U p  o c cu rs  in  c o n s is te n tly  le s s  than  u n im o la r  am o u n ts .

T h e  p re s e n c e , d e m o n s tra te d  by p a n c re a tic  R N a s e  f in g e rp r in ts  

a n d  ge ls  o f in te r n a l  n ic k s  shows th a t som e re g io n s  o f fra g m e n t  

A  a re  so m ew h at exp o sed  to  n u c le a s e  a tta c k . S lig h t v a r ia t io n s  in  

m o le c u la r  c o n fig u ra tio n  in  such re g io n s  m ig h t m a k e  lo ss  o f 

sequences a d ja c e n t to  n ic k s  p o s s ib le  in  som e cases . I t  seem s  

l i k e ly  th a t the sequence U m -G p  /  G m -U P  o c cu r s in  a p o s it io n

w h ic h  s o m e tim e s  m a k e s  i t  l ia b le  to  re m o v a l in  the  in i t ia l  T^



T A B L E  5. 4 

A n a ly s is  o f F r a g m e n t  A  + P a n e  Counts

Spot S uggested  M o la r  Y ie ld

H e L a  L - c e l l

Up 80. 5 9 3 .0

A U p  4 .3  4 . 6

A ^ U p  1 . 0  1 .2

C p  4 2 6 .0  4 0 9 .2

A. C p 1 5 .5  1 6 .3

A^Cp 1 .0  0 .8

A ^ C p  0 .5  0 .4

G p 378 . 2 3 8 8 .6

A G p  1 9 .7  1 8 ,8

A ^ G p  3 .8  3. 8

G m -G p  0. 8 0. 7

U m -G p /G m -U p  0 .3  0 .2

T o ta l  9 3 1 . 6 9 3 7 .6

T h e s e  re s u lts  a re  m ean s  f r o m  th re e  f in g e rp r in ts  fo r  

H e L a  and  tw o  fo r  L - c e l l s .



98.

p a r t ia l  d ig e s tio n .

A d d it io n  o f th e  su g g ested  m o la r  y ie ld s  o f o lig o n u c le o tid e s  

in  T a b le  5 ,4  suggests  th a t fra g m e n t A. co n ta in s  som e 930  

n u c le o tid e s . T h is  f ig u re  is  la r g e r  th an  o th e r e s t im a te s  o f 

th e  s iz e  o f fra g m e n t A  b u t n o t g r e a t ly  so (s e e  T a b le  5. 6), I t  

a p p e a rs  th a t the  a s s u m p tio n s  u sed  in  c a lc u la t io n  o f m o la r  y ie ld s  a re ,  

a t  le a s t  a p p ro x im a te ly , c o r r e c t .

5. 3. 2 P s e u d o u rid in e  

I t  w as  o f in te r e s t  to  d e te rm in e  w h e th e r  the  n u m e r ic a l  

c o r r e la t io n  b e tw e e n  p s e u d o u rid in e  and 2 ' -  0 -m e th y l g roups in  

H e L a  r R N A  w as  v a l id  fo r  a p a r t ic u la r  p a r t  o f the  sequence. 

F r a g m e n t  A , w h ic h  is  d e r iv e d  f r o m  H e L a  288 rR N A  , e v id e n tly  

co n ta in s  v e r y  few  m e th y l g ro u p s . I f  p s e u d o u rid y la tio n  and  

m é th y la t io n  a r e  in  som e w a y  a s s o c ia te d ,th e  n u m b e r o f ^ p  re s id u e s  

in  the  fra g m e n t shou ld  a ls o  be lo w . T h is  p o s s ib il i ty  w as  

in v e s tig a te d  b y  a s s a y in g  the p s e u d o u rid in e  co n ten t o f fra g m e n t  

A ,a s  w e l l  as o th e r  fra c t io n s  f r o m  s e p a ra tio n s  o f 28  S R N A

p a r t ia l ly  d ig e s te d  w ith  T^ R N a s e .

32
P  la b e lle d  H e L a  2 8  8 r R N A  w as p a r t ia l ly  d ig e s ted  

w ith  T^ R N a s e  and  fra c t io n a te d  as p re v io u s ly . F ra c t io n s  

A  to E  w e re  p o o led  as show n in  F ig ,  5. 11, T h e s e  fra c tio n s  

w e re  th en  a s s a y e d  fo r  p s e u d o u rid in e  con ten t u s in g  th e  tw o -  

d im e n s io n a l c h ro m a to g rp a h y  s y s te m  as d e s c r ib e d  fo r  w h o le  

rR N A ,

T a b le  5. 5. shows th e  p s e u d o u rid in e  conten t o f
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Fig ^.11 Fractionation of material from partial T^RNase 
digests of Hela 28s rRNA for pseudouridine determination, 
Fractions A to E were collected as shown and analysed 
for pseudouridine content*



T A B L E  5. 5

P s e u d o u r id in e  C o n ten t o f P a r t ia l  D ig e s t G ra d ie n t  F ra c t io n s

%
Ms.

F r a c t io n  U p + ^ p

A  2 ,4

B  3. 8

C 5 .4

D  7 .9

E  , 1 0 .2

W h o le  28  S R N A  7 .3

G ra d ie n t fra c t io n s  w e re  p oo led  as shown in  F ig ,  5, 11, 

V a lu e s  shown a r e  m e a n s  o f tw o d e te rm in a tio n s .



fra c t io n s  A  to  E . T h e  le v e l  o f p s e u d o u rid in e  in c re a s e s  m a r k e d ly  

on going f r o m  la r g e r  to s m a lle ,r  R N A  fra g m e n ts . F r a g m e n t  A  

has  a lo w  ^ p  co n ten t both  in  c o m p a ris o n  w ith  o th e r  p a r t ia l  

d ig e s t fra c t io n s  and w ith  w h o le  28S rR N A  ( in  w h ic h  7. 3% o f Up  

+ ^ p  is  T/p). T h e  to ta l n u m b e r  o f p s e u d o u rid in e  re s id u e s  in  fra g m e n t  

A  w as  c a lc u la te d  u s in g  its  know n b ase  c o m p o s itio n  and  the v a r io u s  

s iz e  e s t im a te s . T h is  suggests  th a t  b e tw ee n  one and th re e  

p s e u d o u rid in e s  a r e  p re s e n t in  fra g m e n t A ,

5, 4 P a r t ia l  D ig e s t io n  o f O th e r  rR N A 's  

D ig e s t io n  o f H e L a  18 S r R N A  and fra c t io n a t io n  o f the  

p ro d u c ts  w as  c a r r ie d  out as fo r  H e L a  Z8 S rR N A , T h e  o p tic a l  

d e n s ity  p r o f i le  o f th e  p ro d u c ts  shows a h e te ro g en o u s  s p re a d  

o f m a t e r ia l .  N o d is t in c t  n u c le a s e  re s is ta n t  s p ec ies  is  

d e te c ta b le .

T h e  28  S r R N A 's  o f L - c e l l s ,  X enopus la e v is  and  

D ic ty o s te l iu m  d is c o id iu m  w e re  d ig e s te d  w ith  T^ R N a s e  u n d e r  

s ta n d a rd  p a r t ia l  d ig e s tio n  c o n d itio n s . F ig .  5, 12 shows the  

o p tic a l d e n s ity  p r o f i le s  o b ta in e d  a f te r  fra c t io n a t io n  o f th e  

d ig e s tio n  p ro d u c ts  on s u c ro s e  d e n s ity  g ra d ie n ts .

T h e  p r o f i le  fo r  L - c e l l  R N A  is  in d is t in g u is h a b le  f r o m  

th a t o f H e L a  28  S r R N A  d ig e s ts . T h e re  is  a s in g le  p eak , 

p a r t ia l ly  re s o lv e d  f r o m  s m a l le r  m a t e r ia l .  T h e  p o s itio n  o f 

th is  p e a k  c o rre s p o n d s  c lo s e ly  to  th a t o f fra g m e n t A  in  a d ig e s t  

o f H e L a  28 S RNA . ru n  in  p a r a l le l .



F i g .  5 , 1 2

O , D , p ro f i le s  o f th e  p ro d u c ts  o f d ig e s tio n  

o f 288  R N A  f r o m  (a ) H e L a  c e lls ;  (b ) L - c e l ls ;  (c )  

X enopus la e v is ;  (d ) D ic ty o s te liu m  d is c o id iu m .

D ig e s t io n  w as  c a r r ie d  out, in  each  case , u s in g  

the  s ta n d a rd  co n d itio n s  fo r  p a r t ia l  R N a s e  d ig e s tio n  

d e s c r ib e d  fo r  H e L a  288  R N A . T h e  p ro d u c ts  o f  

d ig e s tio n  w e re  s e p a ra te d  on 10 — - 25% s u c ro s e -  

L E T S  g ra d ie n ts .
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F i g .  5 . 1 3

L o n g  R N a s e  f in g e rp r in ts  o f fra g m e n t A  f r o m  

(a )  H e L a  c e lls  an d  (b ) L - c e l ls  . C o n d itio n s  o f d ig e s tio n  

an d  e le c tro p h o re s is  a re  d e s c r ib e d  in  s e c tio n  2 ,4 ,

T h e  a r ro w s  in d ic a te  spots w h ic h  a r e  un ique to

(a ) the  H e L a  f in g e r p r in t  and (b ) the  L - c e l l  f in g e r p r in t .
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T h e  o p tic a l d e n s ity  p r o f i le  o f Xenopus p a r t ia l  d ig es ts

suggests  th a t the d ig e s tio n  p ro d u c ts  a re  not c o m p le te ly

h e te ro g e n o u s . T h e r e  is  n o t, h o w e v e r , any  m a jo r  s p ec ies

re s o lv e d  f r o m  the  b a ck g ro u n d . I t  a p p e a rs  th a t D ic ty o s te liu m

r R N A  is  d ig e s te d  to  s m a ll  fra g m e n ts  u n d er the co n d itio n s  used .

C o m p a r is o n  o f F r a g m e n t  A  f r o m  H e L a  and L - c e l ls

L - c e l l  fra g m e n t A  w as  ru n  on a 6% p o ly a c ry la m id e

s la b  ge l a lo n g s id e  H e L a  fra g m e n t  A  (F ig .  5 ,2 ) ,  T h e  L - c e l l

p re p a ra t io n  shows th re e  m a in  bands o f ra d io a c t iv ity .  T h e  s iz e

ra n g e  o f the  bands f r o m  th e  tw o  p re p a ra tio n s  is  s im i la r .  H o w e v e r ,

th e  e x a c t d is tr ib u t io n  o f bands d if fe rs  b e tw een  the tw o  c e ll  l in e s ,

32
T  ̂ p lus p a n c re a t ic  r ib o n u c le a s e  f in g e r p r in ts  o f P  - la b e l le d  

L - c e l l  fra g m e n t A  a r e  v is u a l ly  in d is t in g u is h a b le  f r o m  those o f H e L a  

fra g m e n t  A . A l l  the  sam e spots a r e  p re s e n t in  a p p ro x im a te ly  

th e  sam e  y ie ld .  T h e  o n ly  v is ib le  m e th y la te d  spots a r e  G m G  and fa in t  

U m G , Suggested m o la r  y ie ld s  o f spots in  L - c e l l  f in g e rp r in ts  

w e r e  c a lc u la te d  as fo r  H e L a  (F ig ,  5. 4 ), T h e r e  is  som e s lig h t  

'd if fe re n c e s  o f d is tr ib u t io n  of m o n o n u c leo tid es  in  the tw o  

f in g e r p r in ts  but m o s t o f the  m o la r  y ie ld s  a r e  v e r y  s im i la r .

Long  T  ̂ r ib o n u c le a s e  f in g e rp r in ts  o f fra g m e n t A  f r o m  both  

H e L a  and L - c e l ls  w e re  p re p a re d . T h e  o lig o n u c le o tid e  p a tte rn s  

o f both sp ec ies  a re  c o n s id e ra b ly  le s s  c o m p lex  th an  fo r  w h o le  2 8S rR N A  

(M a d e n  k  S a lim , 1 97 4 ). (F ig .  5. 13). A s  exp e c te d  f r o m  base c o m p o s itio n
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d a ta  C p co n ta in in g  o lig o n u c le o tid e s  a r e  o b v io u s ly  p re s e n t in  

h ig h e r  y ie ld s  th an  th o se  co n ta in in g  A p , A lth o u g h  th e re  is  

c o n s id e ra b le  o v e r a l l  s im i la r i t y  b e tw ee n  the tw o  f in g e rp r in ts  th e re  

a r e  a  n u m b e r o f spots w h ic h  o c c u r in  one sp ec ies  o n ly  (a r ro w e d  

in  F ig .  5. 13), T h e re  is  no ev id e n c e  o f the  p re s e n c e  o f  

m e th y la te d  o lig o n u c le o tid e s  in  e ith e r  f in g e r p r in t  a lth o u g h  no  

d e ta ile d  a n a ly s is  o f p ro d u c ts  w as  u n d e rta k e n .

In  s u m m ary , i t  a p p e a rs  th a t p a r t ia l  d ig e s tio n  o f 28  S r R N A  

f r o m  H e L a  and L - c e l l s  p ro d u c e s  n u c le a s e  re s is ta n t  fra g m e n ts  

w ith  a c o n s id e ra b le  d e g re e  o f s im i la r i t y  b e tw een  the  s p e c ie s .

T h e  fra g m e n ts  p ro d u c e d  f r o m  th e  tw o  sp ec ies  d is p la y  

in d is t in g u is h a b le  m o b il i ty  on s u cro s e  d e n s ity  g ra d ie n ts .  

P o ly a c r y la m id e  g e ls  show th a t th e  p re p a ra tio n s  a re  s im i la r  b u t not 

id e n t ic a l .  F in g e r p r in t in g  s tu d ies  c o n firm  th a t fra g m e n ts  f ro m  

th e  tw o  sp ec ies  w h ic h  h ave  n u c le o tid e  c o m p o s itio n s  w h ic h  a r e  

g e n e r a lly  s im i la r  b u t w h ic h  d i f fe r  in  d e ta il.

5, 5, D is c u s s io n

F r a g m e n t  A. p re p a ra t io n s  a p p e a r to  c o n s is t o f a c o lle c tio n  

o f s e v e ra l  la rg e  fra g m e n ts  w h ic h  d i f fe r  s o m ew h a t in  s iz e . T h e  

s im i la r i t y  in  the p a tte rn  p ro d u c e d  by each  o f th e s e  sp ec ies  on 

d e n a tu r in g  gels  su g g est h a t  th e y  h ave  som e p a r t  o f th e ir  sequence  

in  co m m o n . I t  is  p o s s ib le  th a t a l l  th e  m a jo r  s p ec ies  in  fra g m e n t  

A  p re p a ra tio n s  a re  d e r iv e d  f r o m  th e  sam e p a r t  o f th e  28 S 

m o le c u le  and th a t th e y  d if fe r  in  s iz e  b ecau se  o f v a r ia t io n  in  th e  

e x te n t o f T^ d ig e s tio n  a t th e ir  ends.
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S tud ies  o f p a n c re a t ic  R N a s e  f in g e rp r in ts  and d e n a tu rin g  

g e ls  show th a t p a r t ia l  d ig e s tio n  causes som e in te r n a l  n ic k s  

w ith in  fra g m e n t A  m o le c u le s . F ra g m e n ts  a r e  la r g e ly  h e ld  

to g e th e r  in  sp ite  o f th e s e  n ic k s , p re s u m a b ly  b ecau se  o f s e c o n d a ry -  

s tr u c tu r a l  in te ra c t io n s . A n y  d is ru p tio n  of th ese  in te ra c t io n s  m a y  

cause som e p a r t  o f the  f ra g m e n t to  be lost. L im ite d  d is ru p tio n  

o f base p a ir in g  m a y  be one re a s o n  fo r  s iz e  v a r ia t io n  w ith in  

f ra g m e n t  A  p re p a ra t io n s .

N o  c o n c lu s iv e  d e te rm in a t io n  o f s iz e  o f th e  sp ec ies  in  

fra g m e n t A  p re p a ra t io n s  has b een  m a d e . H o w e v e r , e s t im a te s  

o b ta in e d  f r o m  e le c tro n  m ic ro s c o p y , p lus  p a n c re a tic  R N a s e  

f in g e r p r in ts ,  g e l e le c tro p h o re s is  and r a d io a c t iv ity  d is tr ib u t io n  

a r e  re a s o n a b ly  c o n s is te n t (T a b le  5* 6 ), C o m b in a tio n  o f th ese  

e s t im a te s  suggests a s iz e  ra n g e  o f 0, 15 -  0 , 3 D a lto n s  (4 5 0 -  

900  n u c le o tid e s ). T h is  is  w ith in  the  s ize  ra n g e  o f la r g e  fra g m e n ts  

p ro d u c e d  b y  m ild  T^  d ig e s tio n  o f 2 88  rR N A  by tw o  o th e r  groups  

(W ilcm an  e t a l,  1969; C o x  e t a l,  1 9 7 3 ).

F r a g m e n t  A  co n ta in s  a m u c h  h ig h e r  p ro p o r t io n  o f 

G p and  Cp re s id u e s  (ab o u t 80%) th a n  the  28 8 rR N A  f r o m  w h ic h  

i t  is  d e r iv e d  (c a . 67% G + C ). R e a c t iv i ty  s tu d ies  w ith  s o d iu m  

b is u lp h ite  suggest a h ig h  p ro p o r t io n  o f  C p (an d  Gp) re s id u e s  in  

f ra g m e n t A  a r e  in v o lv e d  in  b a s e -p a ir in g . T h e  c o n c lu s io n  o f 

e x te n s iv e  b a s e -p a ir in g  is  s u p p o rte d  by  e le c tro n  m ic ro s c o p y .  

M ic ro g ra p h s  show th a t fra g m e n t A  m o le c u le s  a re  la r g e ly  d o u b le -



T A B L E  5. 6,

S ize  E s t im a te s  fo r  F r a g m e n t  A

E x p e  r im e n t  

32
P - r a d io a c t iv i t y  d is tr ib u t io n  

N e u tr a l  P A G E  

E le c tr o n  M ic ro s c o p y

T^ p lus p a n c re a tic  R N a s e  
f in g e rp r in ts

A p p ro x im a te  N u m b e r  
o f N u c le o tid e s

900  

m e a n  900  

450  -  800

930

T h e  d e r iv a t io n  o f th e  v a r io u s  s ize  e s t im a te s

is  d e s c r ib e d  in  the  te x t.
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s tra n d e d . I t  is  c le a r  that m a n y  G -C  b a s e -p a irs  a re  p re s e n t  

w h ic h  a r e  s tab le  in  the  d e n a tu r in g  s p re a d in g  co n d itio n s  used ,

G o d w in  e t a l  (1 9 7 4 ) h ave  c a r r ie d  out e le c tro n  m ic ro s c o p y  on  

p re p a ra t io n s  o f la r g e  r e s is ta n t  fra g m e n ts  f r o m  ra b b it  

re t ic u lo c y te  28  S rR N A . T h e  v is u a l a p p ea ra n ce  of the  fra g m e n ts  

in  e le c tro n  m ic ro g ra p h s  w as  s im i la r  to  th a t o f the H e L a  r R N A  

fra g m e n ts ' d e s c r ib e d  h e re .  C o n to u r len g th s  m e a s u re m e n ts  suggest 

th a t the  ran g e  o f m o le c u la r  s iz e  o f fra g m e n ts  in  the tw o  

stu d ies  is  a p p ro x im a te ly  the s am e .

E le c t r o n  m ic ro s c o p ic  s tu d ies  have  re v e a le d  the p re s e n c e  

o f a ty p ic a l re g io n s  a t  d e fin e d  p o in ts  w ith in  the 28 S r R N A  sequence  

(R e v ie w e d  in  C h a p te r  1), T h e s e  re g io n s  a r e  b e lie v e d  to  h ave  a h ig h  

G + C co n ten t and c o n s id e ra b le  b ih e lic a l  c h a ra c te r .  T h e  

p ro p e r t ie s  o f fra g m e n t A  s tro n g ly  suggest th a t i t  is  d e r iv e d  f r o m  one 

o f th ese  re g io n s  o f the  28S m o le c u le . T w o  m a jo r  s e c o n d a ry -  

s tr u c tu r a l  fe a tu re s  a re  r e v e a le d  in  e le c tro n  m ic ro g ra p h s  o f 28  S 

rR N A  (F ig .  1. 1). G odw in  e t a l  (1 9 7 4 ) suggested  the re t ic u lo c y te  

R N A  fra g m e n t w h ic h  th e y  w e re  in v e s tig a tin g  w as d e r iv e d  f r o m  th e  

c o m p le x  a r ra n g e m e n t o f loops  a t th e  5* end of the 28 S sequence . I t  

does, h o w e v e r , s e e m  e q u a lly  l ik e ly  th a t G -  C r ic h  fra g m e n ts  a r is e  

f r o m  the  " r a b b it 's  e a rs "  •» l ik e  fe a tu re  s itu a te d  n e a r  the  m id - peint o f 

th e  2 8 S? m o le c u le . I t  is  p e rh a p s  p o s s ib le  th a t p re p a ra t io n s  of"T^  

r e s is ta n t  fra g m e n ts  c o n ta in  s p ec ie s  o f s im i la r  s iz e , f r o m  both  

th e  m a jo r  s e c o n d a r y -s t r u c tu r a l  fe a tu re s  o f 28S rR N A ,
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R e s u lts  f r o m  tw o  e a r l i e r  s tu d ies  (G o u ld  e t a l,  1966;

F in d e r  e t a l,  1969) su g g ested  th a t th e  s iz e  o f n u c le a s e  re s is ta n t  

G  -  C r ic h  fra g m e n ts  f r o m  2 8  S r R N A 's  in c re a s e s  w ith  the  

e v o lu t io n a ry  c o m p le x ity . T h e  re s u lts  o f d ig e s tio n  o f fo u r  

e u k a ry o tic  r R N A 's  d e s c r ib e d  h e re  a r e  in  a g re e m e n t w ith  th is  

c o n c lu s io n , 28 S r R N A  f r o m  th e  tw o  h ig h e r  v e r te b r a te s  s tu d ie d  

g iv e s  r is e  to  w e l l  d e fin e d  la r g e  fra g m e n ts . r R N A  fr o m  th e  lo w e r  

v e r te b r a te ,  X eno pus a p p a re n t ly  y ie ld s  o n ly  s m a lle r  n u c lea s e  

r e s is ta n t  fra g m e n ts . D ic ty o s te l iu m  rR N A  a p p a re n t ly  does n o t 

p ro d u c e  any re s is ta n t  fra g m e n ts  o f d e te c ta b le  s iz e  w h en  d ig e s ted  

u n d e r the  sam e c o n d itio n s . T h e  in c re a s in g  te n d e n cy  to  fo r m  

r e s is ta n t  fra g m e n ts  fo llo w s  the tre n d  o f in c re a s in g  G + C co nten t 

o f r  R N A  in  e v o lu tio n . S e c o n d a ry -s t ru c tu ra l  loops w h ic h  a re  seen  

in  e le c tro n  m ic ro g ra p h s  o f r R N A  a ls o  in c re a s e  in  s iz e  w ith  

in c re a s in g  e v o lu t io n a ry  c o m p le x ity  (W e lla u e r  & D a w id , 1973 , 1974; 

W e lla u e r  e t  a l ,  1 9 7 4 ). T h e  s iz e  o f the  m a jo r  loops d e c re a s e s  

s lig h t ly  b e tw een  H e L a  and L - c e l l s  and m o re  s h a rp ly  b e tw ee n  L - c e l ls  

and X en o p u s, T h e  A - U  r ic h  r R N A  o f D ic ty o s te liu m  does no t fo r m  

a n y  r e s is ta n t  lo o p s . T h is  c o r r e la t io n  b e tw ee n  th e  s iz e  o f T^  

r e s is ta n t  fra g m e n ts  and th e  s iz e  o f s ec o n d a ry  s tr u c tu r a l  loops  

re in fo rc e s  the s u g g estio n  th a t la r g e  G -G  r ic h  fra g m e n ts  f r o m  

28  S r R N A  a re  d e r iv e d  f r o m  th e  m a jo r  fe a tu re s  seen  u n d e r the  

e le c tro n  m ic ro s c o p e .

T h e  r e la t iv e  d is tr ib u t io n  o f ^"^C -m èthy l and  

ra d io a c t iv ity  in  p a r t ia l  d ig e s t g ra d ie n ts  suggests th a t fra g m e n t  A
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co n ta in s  le s s  th an  h a lf  the  n u m b e r o f m e th y l groups e xp ec ted

i f  m é th y la t io n  w e re  e v e n ly  d is tr ib u te d  th ro u g h  the 28 S m o le c u le .

B o th  and f in g e r p r in ts  su g g estftia t a lm o s t a l l  o f the

m e th y la te d  o lig o n u c le o tid e s  c h a r a c te r is t ic  o f 28S r R N A  a re

a b se n t f r o m  fra g m e n t A . O n ly  one o r  tw o spots c o rre s p o n d in g

to  m e th y la te d  sequences a re  seen . The  p o s s ib il ity  th a t

th e  m e th y la te d  sequences a p p a re n tly  p re s e n t in  F ra g m e n t  A

a r e  due to c o n ta m in a tio n  b y  m a t e r ia l  f ro m  the  r e s t  o f th e  28  S

sequence c a n n o t,h o w e v e r, be c o m p le te ly  ru le d  out, G m -G p  o c cu rs

e ig h t t im e s  in  w h o le  28 S R N A  (M a den & S a lim , 1 9 7 4 ), A

1 :8  c o n ta m in a tio n  o f f ra g m e n t  A  b y  th e  r e s t  o f the  28 S sequence

w o u ld  m a k e  i t  a p p e a r th a t G m -G p  o c c u rs  a t a m o la r  fre q u e n c y

o f one. C o n ta m in a tio n  b y  o th e r  m e th y la te d  sequences w h ic h  o c c u r

o n ly  once o r  tw ic e  in  th e  28  S sequence w o u ld  p ro b a b ly  not

be d e te c te d . T h e  p re s e n c e  o f fa in t  spots in  T^  f in g e r p r in ts  o f  

32
P - la b e l le d  fra g m e n t  A  (F ig .  5 .1 )  suggests th a t som e lo w  

le v e l  o f c o n ta m in a tio n  m a y  be p re s e n t.

P s e u d o u rid in e  is  h e te ro g e n e o u s ly  d is tr ib u te d  th ro u g h  

the  fra c t io n s  o f the p a r t ia l  d ig e s t g ra d ie n ts  bu t the  p e rc e n ta g e  

o f ÿfp found in  fra g m e n t  A  is  o n ly  o n e - th ir d  o f th a t in  w h o le  r R N A .  

F r a g m e n t  A  co n ta in s  a m a x im u m  o f th re e  p s e u d o u rid in e s  w h e re a s  

28  S R N A  conta ins  a p p ro x im a te ly  s ix ty . T h e r e fo r e ,  f ra g m e n t A  

a p p e a rs  to  be u n lik e  w h o le  28 S rR N A . in  its  d e g re e  o f s ec o n d a ry  

m o d if ic a t io n  as w e l l  as in  its  p r im a r y  and  s ec o n d a ry  s tru c tu re .  

B o th  o f the m o s t co m m o n  typ es  o f s ec o n d a ry  m o d if ic a t io n  o c cu r
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a t a fre q u e n c y  m u c h  lo w e r  th an  th a t e x p e c te d  i f  m o d ific a t io n s  

w e re  d is tr ib u te d  e v e n ly  th ro u g h  the 28 S m o le c u le . E s t im a te s  

o b ta in e d  h e re  suggest th a t the  tw o  typ es  o f m o d if ic a t io n  o c c u r  

a t  a p p ro x im a te ly  eq u a l fre q u e n c y  in  fra g m e n t A . T h is  a p p e a rs  

to  bo c o n s is te n t w ith  the  n u m e r ic a l c o r r e la t io n  b e tw ee n  n u m b e rs  

o f m e th y l g roups and p s e u d o u rid in e s  suggested  fo r  w h o le  rR N A ,
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C h a p te r  6 

D is c u s s io n

P a r t ic u la r  asp e c ts  o f the  re s u lts  have  b een  d is cu s s ed  

in  the re le v a n t  c h a p te rs . In  th is  c h a p te r data  f r o m  o th e r  

in v e s tig a tio n s  w i l l  be n o ted  and th e ir  p o s s ib le  re le v a n c e  to  re s u lts  

in  th is  s tu d y  d is c u s s e d . In  a d d itio n , re fe re n c e  w i l l  be m ade  

to  o th e r  e x p e r im e n ta l s y s te m s  w h ic h  m a y  be o f  use in  the  

in v e s t ig a t io n  o f s e c o n d a ry  m o d if ic a t io n  o f r ib o s o m a l R N A ,

6. 1. P re v io u s  S tu d ies  on P s e u d o u rid in e  in  H e L a  r R N A  

R e s u lts  d e s c r ib e d  in  th is  th e s is  c o n firm  and e x ten d  

those  o f the  o n ly  p re v io u s  study o f p s e u d o u rid in e  in  H e L a  r R N A  

b y  A m a ld i  and A t t a r d i  (1 9 6 8 ), T h e s e  a u th o rs  e s t im a te d  the  

p s e u d o u rid in e  conten t o f rR N A  b y  c o lu m n  c h ro m a to g ra p h y  

o f a lk a lin e  h y d ro ly s a te s . E s t im a te s  o f the n u m b e r o f 

p s e u d o u rid in e s  w e re  s im i la r  to , b u t s lig h t ly  lo w e r  th a n , those  

p re s e n te d  in  C h a p te r  3 , T h e s e  s lig h t d if fe re n c e s  m a y  be 

a cc o u n te d  fo r  by p o s s ib le  s m a ll  lo s s e s  o f m a t e r ia l  d u rin g  

re p e a te d  co lu m n  c h ro m a to g ra p h y . T h e  m e th o d  o f s e p a ra tio n  

o f "^p f r o m  Up d e s c r ib e d  in  th is  th e s is  has the ad van tag e  th a t  

m a t e r ia l  is  no t re m o v e d  f r o m  .the c h ro m a to g ra p h y  p a p e r  a t 

a n y  t im e .

E s t im a te s  of the p s e u d o u rid in e  con ten t o f H e L a  4 58  r  p re  

R N A  d e s c r ib e d  in  C h a p te r  3 a re  c o n s id e ra b ly  lo w e r  th an  those  

o f an e a r l i e r  study (J e a n te u r  e t a l,  1 96 8 ). P o s s ib le  a lte r n a t iv e
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e x p la n a tio n s  o f th is  w e re  d is c u s s e d  e a r l i e r .  T h e  e s t im a te  of 

th e  YP  co nten t o f 328  r p r e  R N A  p re s e n te d  in  th is  th e s is  d if fe rs  

so m ew h at f r o m  th a t o f J e a n te u r  e t a l  (1 9 6 8 ), H o w e v e r , in  

both  s tud ies  i t  w as  found th a t r a th e r  le s s  p s e u d o u rid in e s  w e re  

p re s e n t in  288  R N A  th a n  in  i ts  328  p re c u r s o r .  T h is  

suggests  th a t th e re  m a y  be a few  p s e u d o u rid in e s  in  the  t r a n s c r ib e d  

s p a c e r  re g io n  of 328  R N A .

E s t im a t io n  o f s m a ll  d if fe re n c e s  in  p s e u d o u rid in e  conten t

b e tw e e n  tw o such la r g e  m o le c u le s  as 328 and 2 88 R N A 's  is

d if f ic u lt .  Is o la t io n  and  c h a r a c te r iz a t io n  o f f re e  t ra n s c r ib e d

s p a c e r  m a t e r ia l  m a y  be n e c e s s a ry  b e fo re  a c c u ra te  q u a n tita tio n

14
o f p s e u d o u rid in e  is  p o s s ib le . 8p o t b y  spot c o m p a ris o n  o f C H ^  

f in g e r p r in ts  o f r R N A  and r p r e  RNA. show ed th a t 2 ^ 0 -m e th y l  

g ro u p s  a re  ab sen t f r o m  th e  t r a n s c r ib e d  s p a c e r re g io n s  of both  

3 28  and 458  R N A 's  ( M a den & S a lim , 1974 ).

A m a ld i and A t t a r  d i (1 9 6 8 ) concluded  th a t  

p s e u d o u rid in e  o c c u rs  a t  s p e c if ic  s ite s  in  rR N A  and  is  not 

s p re a d  th ro u g h o u t a l l  " u r id in e "  co n ta in in g  seq u en ces. T h is  

c o n c lu s io n  w as  b a se d  on the fa c t th a t the r a t io  of Ij/Tp c o n ta in in g  

sequences to  h om ologous Up c o n ta in in g  sequences v a r ie d  

c o n s id e ra b ly  b e tw e e n  s e v e ra l  s h o rt o lig o n u c le o tid e s . T h e se  

a u th o rs  d id  n o t in v e s tig a te  th e  p re s e n c e  o r absence o f p s e u d o u rid in e  

in  lo n g e r , un ique o lig o n u c le o tid e s . R e s u lts  d e s c r ib e d  in  

C h a p te r  4 c o n firm  th a t  p s e u d o u rid in e  is  p re s e n t in  s m a ll,  but



109,

d if fe r in g  am o u n ts  in  v a r io u s  s h o rt o lig o n u c le o tid e s  o f h ig h  

m o la r  y ie ld .  In  a d d itio n , th e  p s e u d o u rid in e  co n ten t o f lo n g e r ,  

u n iq u e  o lig o n u c le o tid e s  w as  in v e s tig a te d . I t  w as  found th a t ^ p  

is  p re s e n t as a h ig h  p e rc e n ta g e  o f Up p lus "^p in  c e r ta in  o f these  

lo n g e r  sequences bu t w as  a b se n t f r o m  o th e rs . T h e  am o u n t 

o f ■ÇJp found in  som e sequences suggests  th a t m o d if ic a t io n  o f  

Up to  "ÿTp is  f re q u e n tly  an " a l l  o r  n o m e v e n t" . A m a ld i and  

and  A t t a r d i  w e re  u n ab le  to  d e te rm in e  th is  as th e y  in v e s tig a te d  

o n ly  s h o rt sequences, o f h ig h  m o la r  fre q u e n c y , w h e re  the  

p e rc e n ta g e  o f '^p in  Up ^ lu s  y p  is  lo w .

6, 2 P s e u d o u r id in e  and 2 ' - 0 - m é th y la tio n  in  r R N A

A s  d is c u s s e d  in  C h a p te r  3 the  n u m b e r o f p s e u d o u rid in e  

re s id u e s  in  H e L a  rR N A . is  v e r y  s im i la r ,  i f  not id e n t ic a l ,  to  the  

n u m b e r o f 2 '0 -m e th y l  g ro u p s . T h re e  p o s s ib le  e xp la n a tio n s  

o f th is  phenom enon a re :»

(1 ) T h is  is  a chance n u m e r ic a l c o r r e la t io n  and no 

re la t io n s h ip  e x is ts  b e tw ee n  the tw o  m o d if ic a t io n s ,

(2 ) T h e  tw o  m o d if ic a t io n s  a re  in v a r ia b ly  a s s o c ia te d  

w ith  each  o th e r,

(3 ) P s e u d o u rid in e  and  2 ' - 0 -m e th y l g ro u p s  a re  fre q u e n tly ,  

a lth o u g h  n o t in v a r ia b ly ,  l in k e d  in  rR N A ,

D a ta  on m é th y la t io n  and p s e u d o u r id y la tio n  in  o th e r  

e u k a ry o tic  s p ec ie s  a re  in c o m p le te . I t  does, h o w e v e r , 

a p p e a r  th a t the  tw o m o d if ic a t io n s  a re  p re s e n t in  a t le a s t  

a p p ro x im a te ly  eq u a l n u m b e rs  in  rR N A . o f H e L a  and L - c e l ls  and
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in  28S R N A  o f X en o p u s, IBS R N A  of Xenopus a p p a re n tly  

co n ta in s  an  a p p re c ia b le  e xcess  of p s e u d o u rid in e  o v e r  

2 ' -  0 -  m e  th y  la  t i  on. D ic ty o s te l iu m  rR N A  is  m a rk e d ly

u n lik e  the  rR N A . o f the th re e  v e r te b r a te  sp ec ies  in  both  base  

c o m p o s itio n  and in  p s e u d o u rid in e  co n ten t. T h e  e x a c t n u m b e r  

o f 2 ' - 0 -m e th y l g roups  is  unknow n. I t  does, h o w e v e r , a p p e a r  

th a t both  p s e u d o u rid in e  and  2 ’ -0 -m e th y la t io n  a re  m a rk e d ly  

lo w e r  in  D ic ty o s te l iu m  th an  in  v e r te b r a te  s p e c ie s . I t  

see m s  u n lik e ly  th a t a chance n u m e r ic a l c o r r e la t io n  b e tw ee n  

th e  tw o  m o d if ic a t io n s  w o u ld  be t ru e  fo r  sp ec ies  as w id e ly  

s e p a ra te d  in  e v o lu tio n  as m a n  and s lim e  m o u ld . P s e u d o u rid in e  

and 2 ' -0 -m e th y l  groups a r e  p re s e n t in  s im i la r  n u m b e rs  in  

r R N A  o f E , cO li (n o ted  e a r l i e r ) .  T h e  n u m e r ic a l c o r r e la t io n  

b e tw e e n  the tw o  m o d if ic a t io n s  m a y , th e r e fo r e ,  be t ru e  o f 

p ro k a ry o te s  as w e l l  as e u k a ry o te s .

I f  the n u m e r ic a l  c o r r e la t io n  b e tw een  p s e u d o u rid in e  

an d  2 ' - 0 -m é th y la t io n  is  no t a chance one, i t  seem s p la u s ib le  

to  in fe r  th a t r e la te d  s t r u c tu r a l  fe a tu re s  w ith in  the rR N A  sequence  

m a y  g ive  r is e ,  fre q u e n tly  i f  no t in v a r ia b ly ,  to both  typ es  o f  

m o d if ic a t io n . Sequence s tu d ies  on the rR N A  o f s e v e ra l  

e u k a ry o tic  sp ec ies  h ave  b ro u g h t to  l ig h t a n u m b e r o f in s ta n c e s  

w h e re  the  tw o typ es  o f m o d if ic a t io n  a r e  found in  the  sam e  

o lig o n u c le o tid e  (M a d e n  & S a lim , 1 9 7 4 ; K h a n  M a d e n , 1976a; 

K lo o tw ijk  & P la n ta , 1974; N a z a r  e t a l  1974 , 1 97 5 ),
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T h e r e  a r e ,  in  fa c t, in s ta n c e s  w h e re  both 2 ' -  0 -  m é th y la t io n  

an d  p s e u d o u rid y la tio n  o c cu r in  a s in g le  m o n o n u c leo tid e  

(M a d e n  e t a l,  1974  -  ^Fm -  G; G ra y , 1974 -  IJ im  -  A ) ,

O n  the o th e r hand , s e v e ra l  q u ite  lo n g  o lig o n u c le o tid e s  h ave  b een  

fu l ly  o r  p a r t ly  sequenced  and  found to  co n ta in  one typ e  o f 

m o d if ic a t io n , bu t n o t the  o th e r . H o w e v e r , the sequence o f 

a n u m b e r o f n u c le o tid e s  on e ith e r  s ide  o f a s ite  o f m o d if ic a t io n  

w i l l  be n e c e s s a ry  b e fo re  an y  f i r m  c o n c lu s io n  can be d ra w n .

E v e n  i f  2 ' - 0 - m e th y l g roups  and ^ p  re s id u e s  a r e  lin k e d  in  som e  

w a y  th e y  m a y  not be im m e d ia te ly  a d ja c e n t in  th e  rR N A . sequence, 

as i l lu s t r a te d  by da ta  fo r  5, 88 R N A ,

E x te n s iv e  data  on th e  sequence o f n u c le o tid e s  a d ja c e n t 

to  s e c o n d a ry  m o d if ic a t io n s  a re  a v a ila b le  fo r  5, 8S rR N A ,

F ig ,  6i 1 (a )  shows a p a r t  o f the r a t  h e p a to m a  5, 88 rR N A . 

sequence w r i t te n  as an  " a r m "  w ith  a s te m  and lo o p  (N a z a r  e t 

a l . , 1975b; 1 97 6 ), T h e re  is  a  Vfp n e a r  one end o f the s te m  and  

a 2 ' - 0 - m e th y l g ro u p  in  th e  lo o p . T h e  y e a s t 5, 88 sequence  

co n ta in s  a l^ p a t a c o rre s p o n d in g  s ite  in  the p ro p o s e d  s ec o n d a ry  

s tru c tu re ,  but the  lo o p  is  s h o r te r  and u n m e th y la te d  (F ig ,  6, 1 (b ))  

(R u b in , 1973; s ec o n d a ry  s tru c tu re  a c c o rd in g  to  N a z a r  e t a l ,  

1975b , 197 6), T h is  suggests  th a t in  5, 88 rR N A  a t le a s t ,  

p s e u d o u rid in e  and m é th y la t io n  a r e  s o m e tim e s , a lth o u g h  no t 

in v a r ia b ly ,  a s s o c ia te d , 5, 88 R N A , l ik e  the  188 and m a jo r  

2 88  seq u en ces , is  t r a n s c r ib e d  and 2 ' -O -m e th y la te d  w ith in



91
A
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U

C Gm 

(a)
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U
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A
A
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66

U

(b )

F ig .  6 ,1  An "a rm " in  th e  proposed secondary s t r u c tu r e  

, hepatom a (a )  and y e a s t (b )5 ,8 S  RNA's,

Numbers denote  n u c le o t id e s  from  th e  5 ' en d .
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45S R N A  (M a d e n  & R o b e rts o n , 1974; N a z a r  e t a l.  , 1975b ), I t  

w i l l  be in te re s t in g  to  d is c o v e r , as m o re  sequence data  b eco m e  

a v a ila b le ,  w h e th e r  a r ra n g e m e n ts  such as th a t in  F ig ,  6. l a  

a ls o  o c c u r in  h ig h  m o le c u la r  w e ig h t r R N A 's .

6, 3 M o d if ie d  N u c le o tid e s  and R N A  s tru c tu re  

Stud ies  by P o ch o n  e t a l  (1 9 6 4 ) have show n th a t p o ly  

p s e u d o u r id y lic  a c id  fo rm s  s ta b le  s ec o n d a ry  in te ra c t io n s  both  

w ith  i t s e l f  and w ith  o th e r  p o ly n u c le o tid e s , P o ly u r id y l ic  a c id ,  

in  c o n tra s t, does n o t fo r m  s ta b le  s ec o n d a ry  in te ra c t io n s .

T h e  re a s o n  fo r  the  e x t r a  a b i l i ty  o f p o ly  \p to  fo r m  s ta b le  

in te ra c t io n s  is  u n c le a r . H o w e v e r , th e  p re s e n c e  o f a second  

- N H  gro u p  in  p s e u d o u rid in e  p ro v id e s  a d d itio n a l h y d ro g e n  

bonding c a p a c ity  and  th is  m a y  w e l l  c o n tr ib u te  to  the s ta b il ity  

o f s e c o n d a ry  in te ra c t io n s .

rR N A  M c L e n n a n  and  L a n e  (1 9 6 8 ) s tu d ied  th e  d ig e s tio n  

o f w h e a t r R N A  w ith  a p re p a ra t io n  o f snake v en o m  p h o s p h o d ie s te ra s e  

w h ic h  a ls o  c o n ta in ed  e n d o n u c le o ly tic  a c t iv ity .  A n  u n e x p e c te d ly  

h ig h  p ro p o r t io n  o f ^ p  w as found am ong the 3 '- te r m in i o f the  

fra g m e n ts  p ro d u c e d . I t  w as  co n clu d ed  th a t e n d o n u c le o ly tic  

s c is s io n s  o c c u r p r e fe r e n t ia l ly  a t p s e u d o u rid in e s  and (o r )  th a t  

e x o n u c le o ly tic  a tta c k  is  a r r e s te d  by ^ p  re s id u e s . S tud ies  

d e s c r ib e d  h e re  (C h a p te r  5) and e ls e w h e re  ( e .g .  F e l ln e r ,  1974) 

h ave  shown th a t re g io n s  o f s tro n g  s ec o n d a ry  in te ra c t io n s  in  R N A  

a r e  re s is ta n t  to  n u c le a s e  d ig e s tio n . T h is  fa c t and  the a b i l i ty  o f
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■yfp to  fo r m  s tro n g  s e c o n d a ry  in te ra c t io n s  le n d  s u p p o rt to the id e a  

th a t "^p tends to  a r r e s t  e x o n u c le o ly tic  a tta c k . B o th  o f the  

suggestions  p u t fo r w a r d  by  M a c le n n a n  and  L a n e  to  e x p la in  th e ir  

re s u lts  a re  c o n s is te n t w ith  the  n o tio n  th a t p s e u d o u rid in e  m a y  o c c u r  

a t  ju n c tio n s  b e tw e e n  doub le  -  and  s in g le -s tra n d e d  re g io n s , 

in  p o ly n u c le o tid e s . T h e s e  sam e  a u th o rs  a ls o  s tu d ie d  the  

p ro p o r t io n  of m e th y la te d  d in u c le o tid e s  w h ic h  r e m a in  in ta c t  a t  

v a r io u s  stages o f p h o s p h o d ie s te ra s e  d ig e s tio n  of r R N A . T h e y  

found th a t th is  p ro p o r t io n  w as  ro u g h ly  in  p a r a l le l  w ith  the  

p ro p o r t io n  of u n d ig e s te d  R N A . 2 * -0 -m e th y la t io n  had  p re v io u s ly  

b een  shown to  in h ib it  h y d ro ly s is  (G r a y  & L a n e , 1 9 6 7 ). M c L e n n a n  

& L a n e  suggested  th a t i f  2 ' - 0 - m e t h y l  groups w e re  s itu a te d  in  re g io n s  

o f lo w  s ec o n d a ry  s t r u c tu r e ,th is  w o u ld  enhance h y d ro ly s is  s u ff ic ie n t ly  

to  m a k e  up fo r  th e  in h ib ito r y  e ffe c t o f 2 - 0 - m e th y l g ro u p s ,

B ra h m s  & S au d ro n  (1 9 6 6 ) p o in te d  out th a t 2 ' -0 -m e th y la t io n  

w o u ld  a b o lis h  h y d ro g e n  bonding  b e tw ee n  2' -O H  o f r ib o s e  and  

oxyg en  o f in te r n u c le o t ide p h o sp h ate . T h is  cou ld  le a d  to  

re d u c t io n  in  the  am o u n t o f s e c o n d a ry  s tru c tu re  a ro u n d  

2 ' -0 -m e th y la te d  n u c le o tid e s  and in c re a s e  th e ir  s u s c e p tib ility  to  

h y d ro ly s is .

T h e  suggestions o f M c L e n n a n  & Laneupon the  p o s itio n  of 

■^p and 2 ’« 0 -m é th y la t io n  in  rR N A  w e re  b ased  on in d ir e c t  e v id e n c e . 

T h e y  do, h o w e v e r , s ee m  re a s o n a b le  in  the  l ig h t  o f m o re  re c e n t  

sequence data  a lre a d y  d e s c r ib e d .
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t R N A  B o th  p s e u d o u rid in e  and 2 ' - 0 -m e th y l  g roups  o c cu r  

in  tR N A  m o le c u le s . T h e  c o m p le te  sequence o f a c o n s id e ra b le  

n u m b e r o f tR N A  m o le c u le s  is  kn o w n  ( B a r r e l l  & C la r k ,  1 974 ), 

P s e u d o u r id in e  is  found in  an id e n t ic a l p o s itio n  in  the T y C  ' 

lo o p  o f a lm o s t a l l  tR N A *s .. In  a d d itio n , p s e u d o u rid in e  is  

f re q u e n tly  found e ls e w h e re  in  the  tR N A  s tru c tu re . A d d it io n a l  

p s e u d o u rid in e s  a re  m o s t c o m m o n ly  found in  th e  a n ti codon s te m  

and  lo o p , p a r t ic u la r ly  in  p o s itio n s  c lo se  to s te m /lo o p  ju n c tio n s ,

2 * - 0 -m é th y la t io n s  a re  m u c h  le s s  co m m o n  in  p u b lis h e d  tR N A  

sequences than  b ase  m é th y la t io n s , 2 ' - 0 -m e th y l  g ro u p s  a r e  

found  m o s t c o m m o n ly  in  the  D - lo o p  and the an tico d o n  loop  

( B a r r e l l  & C la r k ,  1 97 4 ), D is p o s it io n s  o f m o d if ie d  n u c le o tid e s  

s im i la r  to  th a t found in  m a m m a lia n  5, 8S r R N A  (F ig  6. l a )  a re  

found  in  s e v e ra l tR N A 's .  P s e u d o u rid in e  and 2 ' -0 - m e t h y l  g roups

a r e  no t, h o w e v e r , a lw a y s  found in  c lo se  p r o x im ity  in  tR N A  

seq u en ces ,

P h eA. m o d e l o f the  t e r t i a r y  s tru c tu re  o f y e a s t tRN A. 

has b een  p ro p o s e d  on th e  b a s is  o f X - r a y  c ry s ta llo g ra p h ic  data  

(R o b e rta s  e t a l ,  1974; L a d n e r  e t a l ,  1975 ), T h e  m o s t p ro m in e n t  

fe a tu re  o f th is  m o d e l is  the  p re s e n c e  o f th re e  m a jo r  d o u b le -h e lic a l  

re g io n s ,** T h e se  a re  (1 )  the a m in o  a c id  and T y C  s tem s s ta ck in g  

on to p  o f each  o th e r; (2 )  the a u g m en ted  D  h e lix ,w h ic h  c o n s is ts  o f the  

D  s te m , p a r t  o f the D  lo o p  and  p a r t  o f th e  e x t r a  loop; (3 ) the  

an tico d o n  s te m , t i l te d  a t an  a n g le  to  the D  s te m  and p o s s ib ly  

h in g e d  to i t .  T o  th ese  m a jo r  fe a tu re s  a re  jo in e d  o th e r p a r ts  o f
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th e  m o le c u le  w h ic h  have fu n c tio n a l ro le s .

T h e  T y C :  lo o p  is  in v o lv e d  in  b a s e -s ta c k in g  in te ra c t io n s  

b oth  w ith in  i t s e l f  and  w ith  re s id u e s  in  the D - lo o p , T h e  

sequence G - T - y - C - G ,  w h ic h  has b een  im p lic a te d  in  b ind ing  to  the  

r ib o s o m e  th ro u g h  in te r a c t io n  w ith  5S R N A  (d is c u s s e d  in  

C h a p te r  1), is  t ig h t ly  te th e re d  in  th e  t e r t ia r y  s tru c tu re .  Som e  

opening  out o f the  t e r t i a r y  s tru c tu re  w o u ld  be n e c e s s a ry  b e fo re  

such an in te ra c t io n  cou ld  ta k e  p la c e . I t  a p p e a rs  th a t th e  base  

o f the p s e u d o u rid in e  in  th is  sequence is  in v o lv e d  in  o n ly  tw o  

h y d ro g e n  bonds in  th e  t e r t i a r y  s tru c tu re ,  R o b e rta s  e t a l  (1 9 7 4 )  

h ave  suggested  th a t the tw o  re m a in in g  p o te n tia l H -b o n d in g  groups m a y  

in te r a c t  w ith  the m e th y l g ro u p  o f th e  a d ja c e n t th y m id in e  to  h e lp  

fo r m  som e ^ n a l  fo r  a p r e l im in a r y  b in d in g  step .

Y e a s t  t - R N A  c o n ta in s , in  a d d itio n  to  the  

p s e u d o u rid in e  in  the T y C  lo o p , a second p s e u d o u rid in e , w h ic h  

is  s itu a te d  at the ju n c tio n  b e tw ee n  the a n ti codon s te m  and lo o p .

T h e  an tico d o n  lo o p  a ls o  co n ta in s  tw o  2 ' -0 -m e th y la te d  n u c le o tid e s .

T h is  lo o p  is  s ta ck e d  on th e  3' s ide o f the an tico d o n  s te m  in  an  

a p p a re n tly  exposed  p o s itio n . I t  is  suggested  th a t th e  jo in  

b e tw e e n  the a n ti codon s te m  and a u g m en ted  D - h e l ix  m a y  fu n c tio n  as a  

h in g e  and  th a t the c o n fo rm a tio n  o f the an tico d o n  loop, m a y  

change d u rin g  p ro te in  s yn th es is  (R o b e rta s  e t a l  1 9 7 4 ),

D e te rm in a t io n  o f the  t e r t i a r y  s tru c tu re  o f h igh  

m o le c u la r  w e ig h t r R N A 's  by X - r a y  c ry s ta llo g ra p h y  is  a t p re s e n t
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im p o s s ib le . I t  is ,  h o w e v e r , p o s s ib le  th a t the  t e r t ia r y  s tru c tu re  

o f 5. 88 R N A , w h ic h  is  about tw ic e  th e  s ize  o f tR N A , m a y  be  

d e te rm in e d  in  th is  w a y .

6. 4 , O th e r  P o s s ib le  M e th o d s  o f D e te c tio n  o f P s e u d o u r id in e  

in  r R N A

M e th y l g roups in  rR N A . h ave  been  s tu d ied  by s p e c if ic  

14
la b e ll in g  w ith  C -  m e th io n in e  fo llo w e d  by f in g e rp r in t in g

a n a ly s is . T h e  s tudy o f p s e u d o u rid in e  in  rR N A . has  b een

h a m p e re d , as p re v io u s ly  d is c u s s e d , b y  the la c k  o f a s im i la r

s p e c if ic  la b e l,  C o r te s e  e t a l  (1 9 7 4 ) m a d e  use o f the fa c t th a t

w h en  Up is  c o n v e rte d  to  y p  a p ro to n  is  re le a s e d  f r o m  th e  5 -

p o s itio n  o f u r a c i l  (s e e  f ig , 1. 3 ), T h e s e  a u th o rs  g re w  b a c te r ia

3in  the  p re s e n c e  o f 5 -  H -u r id in e  and w e re  th en  a b le  to  m o n ito r  

the  c o n v e rs io n  o f U p to  y p  in  tR N A  in  v it r o  by  m e a s u re m e n t  

o f p ro to n  re le a s e  f r o m  u r a c i l .  T h is  p ro to n  re le a s e  ass a y  

m a y  have  c o n s id e ra b le  a p p lic a tio n  in  fu tu re  s tu d ies  on the  

e n z y m ic  c o n v e rs io n  o f u r id in e  to  p s e u d o u rid in e . S tru c tu ra l  

stu d ies  such as th o se  d e s c r ib e d  in  th is  th e s is  w o u ld , h o w e v e r ,  

s e e m  to  re q u ire  the  p o s it iv e  a tta c h m e n t o f a la b e l to  p s e u d o u rid in e  

r a th e r  th an  lo s s  o f som e ra d io a c t iv e  s p ec ie s .

In  the  absence  o f a d ir e c t  ra d io a c tiv e  la b e l,  lo c a tio n  

o f p s e u d o u rid in e  m a y  be a tte m p te d  by use o f th e  u n u su a l 

c h e m ic a l p ro p e r t ie s  o f the  n u c le o s id e . T h re e  re a c tio n s  w h ic h  

h ave  been  e x p lo ite d  in  the  study o f p s e u d o u rid in e  in  tR N A . a re
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p h o to ly s is , p e r io d a te  o x id a tio n  and c y a n o e th y la tio n  w ith  

a c r y lo n i t r i le .

P h o to ly s is . P s e u d o u r id y la te  re s id u e s  u n d erg o  p h o to c h e m ic a l 

d e g ra d a tio n  w h en  i r r a d ia t e d  w ith  u l t r a v io le t  l ig h t  a t 257 n m

(re v ie w e d  b y  C h a m b e rs , 1 9 6 6 ), A t  the w a v e le n g th  and doses

5 6 2
e m p lo y e d  (10  -1 0  e r g s /m m  ), p u rin e s  a re  la r g e ly  unchanged

w h ils t  c y to s in e  and u r id in e  u n d e rg o  r e v e r s ib le  h y d ra tio n ,

T o m a s z  & C h a m b e rs  (1 9 6 6 ) s tu d ie d  the p h o to ly tic  d e g ra d a tio n

o f p s e u d o u rid in e  in  tR N A , T h e y  found th a t b re a k a g e  o f the

p o ly n u c le o tid e  c h a in  a t the tw o  p s eu d o u rid in e s  p re s e n t w as

in c o m p le te , A. m ix tu r e  o f fra g m e n ts  w as o b ta in e d  w h ic h  c o n ta in ed

th e  p ro d u c ts  o f a s in g le  c le a v a g e  a t one o r  o th e r  p s e u d o u rid in e ,

as w e l l  as the p ro d u c ts  o f c le a v a g e  a t both  p s e u d o u rid in e s .

S e p a ra tio n  o f th is  r e la t iv e ly  s im p le  m ix tu re  w as  c a r r ie d  out.

H o w e v e r , p h o to ly s is  o f rR N A . w o u ld  y ie ld  a m u ch  la r g e r  n u m b e r

o f p ro d u c ts  as m a n y  m o re  p s e u d o u rid in e s  a re  a v a ila b le  fo r

c le a v a g e . S e p a ra tio n  and  a n a ly s is  o f such a c o m p le x  m ix tu re  o f

p ro d u c ts  w o u ld  be e x t r e m e ly  d if f ic u lt ,  p a r t ic u la r ly  i f  the  re a c t io n

does not go to  c o m p le tio n . B ecau se  o f th is  ,p h o to ly s is  o f

p s e u d o u rid in e  m a y  no t be o f p r a c t ic a l  use in  th e  study o f y p

in  rR N A ,

P e r io d a te  o x id a tio n

T h e  p re s e n c e  o f a C -C  g ly c o s y l band in  p s e u d o u rid in e  c o n fe rs  

upon i t  an  u n u su a l r e a c t iv i t y  w ith  p e r io d a te . O x id a tio n  o f
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p s e u d o u rid in e  by p e r io d a te  fo llo w s  a d if fe re n t  re a c t io n  pa th w ay  

to  th a t o f o th e r  n u c le o s id e s  and is  m u ch  m o re  ra p id  (m e c h a n is m  

d is c u s s e d  by  C h a m b e rs , 1 9 6 6 ), H o w e v e r , p s e u d o u rid in e  o ccu rs  

as o n ly  a s m a ll  p e rc e n ta g e  o f the to ta l  n u c leo s id es  in  rR N A ,

B ecau se  o f th is , o x id a tio n  o f o th e r  n u c leo s id es  c o n s titu te s  a 

s e r io u s  s ide  re a c t io n  and p ro b a b ly  p re c lu d e s  the use o f s e le c tiv e  

c le a v a g e  a t y p  re s id u e s  in  a n a ly s is  o f rR N A ,

C y a n o e th y la tio n  

 ̂ R e a c tio n  o f p s e u d o u rid in e  w ith  a c r y lo n i t r i le  re s u lts

in  the  a d d itio n  o f a c y a n o e th y l g ro u p  to  N̂  ̂ o f u r a c i l .  T h e  o n ly  

o th e r  n u c le o tid e s  w h ic h  r e a c t  r e a d i ly  w ith  th is  re a g e n t a re  

4 - th io u r id in e  and in o s in e , n e ith e r  o f w h ich  is  found in  r R N A  

(R e v ie w  by O fen g an d , 1 9 7 1 ), R e a c tio n  o f a c r y lo n i t r i le  w ith  

u r id in e  o c cu rs  a t  o n ly  3% o f the r a te  w ith  p s e u d o u rid in e . R e a c tio n  

w ith  o th e r m a jo r  n u c le o tid e s  is  c o n s id e ra b ly  s lo w e r  th an  w ith  

u r id in e .  The  r a te  o f c y a n o e th y la tio n  in  R N A  v a r ie s  m a rk e d ly  

w ith  the  d e g ree  o f s e c o n d a ry  s tru c tu re  p re s e n t. Som e n u c leo tid e s  

w h ic h  a r e  u n re a c t iv e  in  " n a tiv e "  tR N A . b ecom e re a c t iv e  w hen  

tR N A . is  d e n a tu re d . T h e  re a s o n  fo r  tli is  m a y  be : -(a) som e  

re a d u e s  a re  " b u r ie d "  in  th e  tR N A  s ec o n d a ry  s tru c tu re ;  (b ) N^ 

o f p s e u d o u rid in e  m a y  be in v o lv e d  in  h y d ro g e n  bonding in  tR N A  

and  thus be le s s  re a c t iv e  to  a c r y lo n i t r i le ;  (c ) pK o f io n iz a t io n  o f 

p y r im id in e  r in g  p r o to n s  is  h ig h e r  in  the p o ly n u c le o tid e  ch a in  th an  in  

th e  f r e e  n u c le o tid e  and th is  d e c re a s e s  the ra te  o f re a c t io n  w ith



a c r y lo n i t r i le .

T h e  c h ro m a to g ra p h ic  m o b il i ty  o f c ya n o e th y l p s e u d o u rid in e

in  s e v e ra l s o lve n ts  is  g r e a te r  th an  th a t o f u n m o d ifie d

p s e u d o u rid in e  b u t le s s  th a n  th a t o f m o d if ie d  u r id in e  (O fen g an d ,

1 9 7 1 ), C y a n o e th y la te d  u r id in e  has a m a rk e d ly  g r e a te r

c h ro m a to g ra p h ic  m o b il i ty  th a n  the  u n m o d ifie d  n u c le o tid e . T h is

m e a n s  th a t c y a n o e th y l p s e u d o u rid in e  can be r e a d i ly  s e p a ra te d

f r o m  the  p ro d u c t o f any s ide re a c t io n  w ith  u r id in e  b u t is  le s s

e a s ily  s e p a ra te d  f r o m  u n m o d ifie d  u r id in e ,

14
C - a c r y lo n i t r i le  is  c o m m e r c ia l ly  a v a ila b le .  H o w e v e r ,

ra d ia t io n - in d u c e d  f r e e  r a d ic a l  p o ly m e r iz a t io n , w h ic h  can o c c u r

r a p id ly ,  l im it s  th e  a v a ila b le  s p e c if ic  a c t iv ity  to  about 0 , 5 m C i /m  m o le ,  

14
C -m e th y l  m e th io n in e  u s ed  in  la b e llin g  o f 2 '-0 -m e th y l  groups in  

rR N A . has a s p e c if ic  a c t iv i ty  a p p ro x im a te ly  one h u n d re d  tim e s  

g r e a te r  th an  th is ,

C y a n o e th y la tio n  a p p e a rs  to  be a p o te n t ia lly  u s e fu l 

tec h n iq u e  fo r  s tudy ing  p s e u d o u rid in e  in  rR N A . H o w e v e r , d e te c tio n  

o f c y a n o e th y la te d  o lig o n u c le o tid e s  in  n u c lease  d ig es ts  o f rR N A . 

m a y  not be s im p le . T h e  e le c tro p h o re t ic  m o b il ity  o f c ya n o e th y l 

p s e u d o u rid in e  is  p o s s ib ly  in te r m e d ia te  b e tw een  Up and l^Fp,as is  its  

c h ro m a to g ra p h ic  m o b il ity .  H o m o lo g o u s  o lig o n u c le o tid e s  

co n ta in in g  Up and y p  a re  not w e l l  re s o lv e d  in  f in g e r p r in ts .

I t  seem s th e r e fo r e ,  u n lik e ly  th a t c y a n o e th y la te d  o lig o n u c le o tid e s  

w i l l  be w e l l  s e p a ra te d  f r o m  u n m o d ifie d  sequences. L o c a t io n
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o f c y a n o e th y la te d  o lig o n u c le o tid e s  in  f in g e rp r in ts  o f m a te r ia l  

14
la b e lle d  w ith  G - a c r y lo n i t r i le  w o u ld  be d if f ic u lt  becau se

o f the  lo w  s p e c if ic  a c t iv i ty  o f th e  la b e l.  A u to ra d io g ra p h y  o f such

o lig o n u c le o tid e s  w o u ld  be a le n g th y  p ro c e s s . T h is  p ro b le m

m ig h t be o v e rc o m e  b y  the a d d itio n  o f a s m a ll  am o u n t 

32
o f P  la b e lle d  R N A  to a id  d e te c tio n  o f o lig o n u c le o tid e s  by

14
a u to ra d io g ra p h y . C -c o n ta in in g  spots could  th en  be id e n t if ie d  

b y  s c in t i l la t io n  co u n tin g ,

6. 5. T h e  M o le c u la r  B a s is  o f S eco n d ary  M o d if ic a t io n  o f r R N A  

T h e re  a re  o v e r  tw o  h u n d re d  m o d ifie d  n u c le o tid e s  

in  H e L a  c e ll  45S R N A , T h e  m o le c u la r  b a s is  o f th is  abundant 

s e c o n d a ry  m o d if ic a t io n  is  unknow n. I t  seem s u n lik e ly  th a t  

th e re  a r e  o v e r  tw o  h u n d re d  m o d ify in g  e n zy m e s , each  w ith  unique  

sequence s p e c if ic ity .  A n  a lte r n a t iv e  p o s s ib il ity  is  th a t  

o n ly  a fe w  e n zym e s  a r e  re s p o n s ib le  and th a t re c o g n it io n  is  b a se d  

on fe a tu re s  o f R N A  c o n fo rm a tio n . F o r  e x a m p le , one 

e n zy m e  m ig h t be re s p o n s ib le  fo r  r ib o s e  m é th y la t io n  and one, o r  

a fe w , fo r  p s e u d o u r id y la tio n . In  th is  case, s p e c ific  s ec o n d a ry  

s tr u c tu r a l  fe a tu re s  w o u ld  be re c o g n iz e d  by each  m o d ify in g  

e n zy m e  {see s e c tio n  6 ,4 ,  ab o ve , fo r  d is c u s s io n ).

I t  is  in te re s t in g  th a t 2 ' - 0 - m e t h y l  g roups a re  p re s e n t in  both  

tR N A  and  rR N A  but a re  ab sen t f r o m  m R N A , e xcep t fo r  the "c ap "  

a t  the 5' end o f e u k a ry o tic  m e s s e n g e rs . T h e  p re s e n c e  o f 

th e s e  s ec o n d a ry  m o d ific s .t io m a t m a n y  s ites  a p p e a rs  to  be n e c e s s a ry



121,

in  R N A ,'s w h ic h  fo r m  p a r t  o f the  t r a n s la t io n a l m a c h in e ry  (p a r t ic u la r ly  

in  e u k a ry o te s ) . P s e u d o u r id in e s  and in te r n a l ly  lo c a te d  

2 ' -0 -m e th y la t io n s  a r e ,  h o w e v e r , e ith e r  u n n e c e s s a ry  fo r  m e s s e n g e r  

fu n c tio n  o r in c o m p a tib le  w ith  i t .  E n z y m e s  w h ich  c a r r y  out 

s e c o n d a ry  m o d if ic a t io n s  in  the n u c leu s  m u s t, th e r e fo r e ,  have  

som e m e an s  o f d if fe r e n t ia t in g  b e tw ee n  R N A  ty p e s .

In  o r d e r  to  in v e s tig a te  the e n zy m o lo g y  o f m é th y la t io n  

and  p s e u d o u r id y la tio n  in  v i t r o ,  i t  is  n e c e s s a ry  to o b ta in  a 

te m p la te  o f RNA. w h ic h  la c k s  a t le a s t  som e o f its  n o rm a l  

s e c o n d a ry  m o d if ic a t io n s , V au g h an  e t a l (1 9 6 7 ) show ed th a t in  

H e L a  c e lls  d e p r iv e d  o f m e th io n in e , 45S r p r e  RNA. is  fo rm e d  

w h ic h  la c k s  m a n y  o f i ts  n o rm a l 2 ' - 0 -m e th y l  g ro u p s . T h is  4 5 8  

R N A  is  c le a v e d  to  328  R N A  but l i t t l e  m a tu re  c y to p la s m ic  r R N A  

is  fo rm e d . T h e  la r g e  n u m b e r  o f p o te n tia l m é th y la t io n  s ite s  w ith in  

the  458  sequence m a k e s  d if f ic u lt  th e  use o f u n d er m e th y la te d  45  8 

RNA, fo r  s tu d ies  on the  e n z y m o lo g y  o f m é th y la tio n . T h e re  is  no  

kn o w n  m e th o d  of b lo c k in g  the c o n v e rs io n  o f Up to  "^p in  rR N A ,

C o rte s e  e t 'a l (1 9 7 4 ) o b ta in ed  tR N A . f r o m  m u tan ts  o f S, ty p h im u r iu m  and  

E . c o ii w h ic h  la c k e d  tw o  p s e u d o u rid in e s  found in  tR N A  f r o m  

w T  b a c te r ia .  T h e y  w e re  a b le  to  p s e u d o u rid y la te  th is  u n d e r m o d ifie d  

tR N A  in  v it r o  u s in g  an e x t r a c t  f r o m  W T  b a c te r ia .  N o m u ta n ts  w h ich  

p ro d u c e  u n d e r m o d if ie d  rR N A . a r e  a t p re s e n t a v a ila b le .

Johnson and S o il (1 9 7 0 ) s y n th e s ize d  u n m o d ifie d  

t R N A  in  v i t r o  f r o m  a D N A  te m p la te  e n r ic h e d  fo r  tR N A  genes, 

R ib o s o m a l genes a re  m u c h  g r e a te r  in  s ize  and th e ir  c o m p le te
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in  v i t r o  t r a n s c r ip t io n  m u c h  m o re  d if f ic u lt .  A  p o s s ib le  a lte rn a t iv e  

a p p ro a c h  .w ou ld  be to  use r e s t r ic t io n  en donucleases  to  p ro d u ce  d e fin e d  

fra g m e n ts  o f rD N A , In  v i t r o  t r a n s c r ip t io n  o f u n m o d ifie d  

rR N A . fra g m e n ts  m ig h t th e n  be p o s s ib le  by the u se  o f R N A  p o ly m e ra s e .  

Such fra g m e n ts  w o u ld  c o n ta in  fe w e r  p o te n tia l m o d if ic a t io n  s ites  th an , 

fo r  in s ta n c e , 45S R N A  f r o m  m e th io n in e -s ta rv e d  c e lls . T h is  should  

m a k e  th e m  m o re  s u ita b le  fo r  s tu d ies  on the e n zy m o lo g y  o f  

s e c o n d a ry  m o d if ic a t io n ,

6, 6, T he F u n c tio n  o f S ec o n d a ry  M o d ific a tio n s  in  r R N A  

V au g h an  e t  a l  (19  67) show ed th a t m é th y la t io n  o f  

r R N A  is  e s s e n tia l fo r  r ib o s o m e  m a tu ra t io n . I t  is  n o t know n  

w h e th e r  p s e u d o u rid in e  fo rm a t io n  is  a ls o  e s s e n tia l.  N o  fu n c tio n  

h as y e t  b een  a s c r ib e d  to  e ith e r  typ e  o f m o d if ic a t io n .

I t  seem s th a t o n ly  fe w  p s eu d o u rid in e s  and 2 ' - 0 -m é th y la t io n s  

a r e  p re s e n t in  h ig h ly  G -C  r ic h  re g io n s  o f H e L a  28S rR N A . (. as  

d e s c r ib e d  in  C h a p te r  5 ), O th e r  s tu d ies  have  shown th a t e x te n s iv e  

G -C  r ic h  re g io n s  a r e  p re s e n t in  r R N A  o f o th e r v e r te b r a te  s p ec ies  

(e , g. C o x  e t a l,  1973 , 1974; W e lla u e r  & D a w id , 1974; W e lla u e r  

e t a l,  1 9 7 4 ), T h e  s iz e  o f th e s e  G -C  r ic h  re g io n s  d e c re a s e s  f r o m  h ig h e r  

to  lo w e r  v e r te b r a te s  (W e lla u e r  e t a l,  1974; S c h ib le r  e t a l,  1 9 7 5 ).

In  lo w e r  e u k a ry o te s  A - U  r ic h  re g io n s  a p p e a r to  re p la c e  G -C  

r ic h  re g io n s  (C o x  e t a l ,  197 6b), I t  w o u ld  be in te re s t in g  to  d e te rm in e  

w h e th e r  these  re g io n s  o f a ty p ic a l n u c le o tid e  c o m p o s itio n  c o n ta in  lo w  

n u m b e rs  o f  s e c o n d a ry  m o d if ic a t io n s  in  a l l  e u k a i'y o te s . I f  th is  is  so.
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2 ’ -O " m e th y l g roups and p s e u d o u rid in e s  m u s t be la r g e ly  co n fin ed

to  re g io n s  of rR N A . w h ic h  la c k  la r g e  s e c o n d a ry -s t ru c tu ra l  loops and w h ic h

h ave  base  c o m p o s itio n  o f a p p ro x im a te ly  50% G + C , T h e re  is

c o n s id e ra b le  c o n s e rv a tio n  o f re g io n s  of th is  type  b e tw ee n

e u k a ry o tic  sp ec ies  (d is c u s s e d  in  C h a p te r  1). Such re g io n s

m a y  conta ins  s h o rt h e l ic a l  re g io n s  in te rs p e rs e d  w ith  s in g le  s tra n d e d

re g io n s  (as  sug g ested  by  M c L e n n a n  & L a n e , 1968; d is cu s s ed

in  s e c tio n  6, 3 ), I t  has a lr e a d y  been  shown th a t m a n y  d is t in c t iv e

m é th y la t io n  s ite s  a r e  c o n s e rv e d  b e tw ee n  sp ec ies  as w id e ly

s e p a ra te d  in  e v o lu tio n  as m a n  (H e L a  c e lls , M a d e n  & S a lim , 1 974 ),

f r u i t  f l ie s  (M a d e n  & T a r to f ,  1974) and y e a s t (K lo o tw ijk  & P la n ta , 1 97 4 ).

I f ,  as seem s p o s s ib le , p s e u d o u rid in e s  and 2 ' - 0 -  m é th y la tio n s  

a re  in  som e w ay  a s s o c ia te d , m a n y  s ites  o f p s e u d o u rid y la tio n  m a y  

a ls o  be c o n se rv ed .

T h e  c o n s e rv a tio n  of 2 ' - 0 -m e th y l  groups (an d  p o s s ib ly  

p s e u d o u rid in e s ) b e tw ee n  w id e ly  s e p a ra te d  e u k a ry o tic  sp ec ies  suggests  

th a t s ec o n d a ry  m o d if ic a t io n s  a re  n e c e s s a ry  fo r  e s s e n tia l fu n c tio n s  

o f the  e u k a ry o tic  r ib o s o m e , 2 ' -  0 - m e th y l g roups and p s e u d o u rid in e s

a r e  m u c h  le s s  co m m o n  in  rR N A  o f p ro k a ry o te s  th an  in  e u k a ry o tic  

r R N A . A n y  fu n c tio n  w h ic h  th e y  p e r fo r m  m u s t be la rg e ly , co n fin ed  

to  e u k a ry o tic  r ib o s o m e s . T h e  r ib o s o m e s  o f e u k a ry o te s  and  

p ro k a ry o te s  p e r fo r m  e s s e n t ia l ly  the  sam e fu n c tio n  in  p ro te in  

s y n th e s is . F u r th e r  s t r u c tu r a l  and m e ta b o lic  s tud ies  w i l l  

be n e c e s s a ry  b e fo re  th e  d iffe re n c e s  b e tw ee n  80S and 70S r ib o s o m e s  

can  be e x p la in e d .
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T h e  study o f p s e u d o u rid in e  in  e u k a ry o tic  rR N A  is  s t i l l  

a t  an e a r ly  stage o f d e v e lo p m e n t. M o re  d e ta ile d  a n a ly s is  

o f the n u c le o tid e  sequences a ro u n d  s ites  o f p s e u d o u rid y la tio n , 

the re la t io n s h ip  b e tw e e n  p s e u d o u rid y la tio n  and m é th y la t io n ,  

an d  the  m o le c u la r  b a s is  o f p s e u d o u rid in e  fo rm a t io n  m a y  h ave  

an  im p o r ta n t  b e a r in g  on u n d e rs ta n d in g  the d is t in c t iv e  

s tr u c tu r a l  p ro p e r t ie s  o f e u k a ry o tic  rR N A .'s ,
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A p p e n d ix

D u r in g  the  e a r ly  p a r t  o f m y  re s e a rc h  s tu d en tsh ip  

I  c a r r ie d  out s tu d ies  on th e  fre q u e n c y  o f s h o rt o lig o n u c le o tid e  

sequences w ith in  P o lio m y e li t is  and E n c e p h a lo m y o c a rd it is  V iru s  

R N A 's . In  a d d itio n  to  g a in in g  da ta  on an  in te re s t in g  s u b jec t, 

th is  in v e s tig a tio n  s e rv e d  to  f a m i l ia r is e  m e w ith  m a n y  tech n iq u es  

w h ic h  w e re  la t e r  used  in  m y  m a jo r  re s e a rc h  p ro je c t .  T h e  

b a c k g r o u n d  to  th is  re s e a r c h  and the  re s u lts  o b ta in ed  a re  

d e s c r ib e d  in  the a tta c h e d  p u b lic a tio n .
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ABSTRACT

In poliomyelitis and encephalomyocarditis virus RNAs 
the relative frequencies of several short oligonucleotide 
sequences differ substantially from those expected on a 
random basis. The frequencies of CpGp-containing 
sequences are low, and the frequency of GpUpApGp is 
considerably lower than that of GpApUpCp* The 
relationship of these findings to those obtained from host 
cell RNAs is discussed.
INTRODUCTION

Nearest neighbour analysis of DNA from many sources 
has revealed that the vertebrate genome is specifically

1 pdeficient in the doublet, OpCp ' . The DNAs of several 
small mammalian viruses are also GpGp deficient, whereas 
various other, larger mammalian virus DNAs reveal

2 5 4different doublet patterns and are not GpGp deficient * * .
The nucleic acids of certain vertebrate RNA viruses,
including encephalomyocarditis virus^ (EMGV), fowl plague
virus^ and Newcastle disease virus'^, also revealed GpGp
deficiencies when examined by nearest neighbour analysis.
The term, "general design", has been used to describe such
non-random features of nearest neighbour relationships

2 8within nucleic acids ' .
RNA fingerprinting methods can also provide 

information of this kind. T^ ribonuclease fingerprints of
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Hela cell heterogeneous nucleoplasmic RNA (HnRNA)^’^^
revealed CpGp deficiency comparable to that found by
nearest neighbour analysis of mammalian DNA. 28 S
ribosomal RNA, a transcript of a specialized and very
restricted part of the Hela cell genome, did not reveal

gOpGp deficiency ,
In order to further investigate possible relation­

ships between mammalian genetic material and that of the 
smaller mammalian RNA viruses, we have carried out a 
fingerprinting analysis of oligonucleotide frequencies 
within RNAs from two picornavirus subgroups, poliomyelitis 
and encephalomyocarditis viruses* This paper describes 
our findings.
METHODS

52 P labelled poliovirus type 1 RNA was purified from
virus particles whi.ch were extracted from infected Hela
cells labelled in the presence of actinomycin D, and was

52a gift from Dr. D.P. Summers. P labelled EMOY RNA was 
prepared according to Porter, Garey and Pellner and

5was a gift from Dr. P. Pellner. 5 x 10 c.p.m. of RNA 
were used in each fingerprinting analysis, in the 
presence of unlabelled carrier RNA added to a final 
concentration of 20 jig. RNA was lyophilized and 
digested with T;̂  ribonuclease (Sankyo, 2 |xg) in 
approximately 5 microlitres of 0.01 M Tris HCl (pH 7*4), 
0.001 M EDTA, for 30 min at 37°. The products were 
separated by electrophoresis on cellulose acetate at 
pH 3*5 in the presence of 7 M urea for 3 hr at 4*7 KY, 
followed by DEAE paper in 7fô formic acid for 16 hr at
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1 21*2 KV 0 Oligonucleotides were detected by 
autoradiography. The identities of all the smaller products 
(those indicated in figure 1) were known from their 
mobilities (refs 12, 13 and observations in this laboratory).

Molar yields of the oligonucleotides were determined by 
eluting the spots, counting in toluene PPO scintillant, 
and dividing the c.p.m. by two for dinucleotides, three for 
trinucleotides etc. The yields were expressed relative to 
an arbitrary value of 100 for Gp plus cyclic Gp, and are the 
means of three poliovirus determinations and two EMGV 
determinations (table l).

Theoretically expected molar yields (table 1, 
parentheses) were calculated relative to 100 for Gp on the 
basis of considerations outlined in the following examples.

Table 1
Relative molar freqaeacios of olironuolg otides in 

riboiiucloaae ciigUBLs of poliovirus RNA, EtiCV 
RKA and Hela cell ÎJnRtiA.

HHA Oli.'or. jclcotide

Polio
SMC
Hela Hr

Gp
100(100)
100(100)
100(100)

CpGp
9.03(23.0)
8.06(21.7)
3.90(24.3)

CpCpGp
1.18(5.66)
5.52(4.71)
1.26(5.9)

CpOpCpGp
0.65(1.35)
1.08(1.02)
0.47(1.43)

Polio
EMC
Hela Hn

ApGp
22.7(29.3)
24.2(27.9)
31.5(27.8)

ApApGp
8.62(8.58)
8.87(7.76)
7.46(7.73)

ApApApGp
2.53(2.52)
3.20(2.17)
2.65(2,15)

Polio
EMC
Hela iji

UpGp
22.9(23.8)
19.0(26.4)
23.9(28.4)

UpUpGp
7.24(5.66)
3.80(6.97)
8.06(8.06)

UpUpUpGp 
1.83(1.35) 

- (1.84) 
4.25(2.29)

Polio
EMC
Hela Hn

UpCpGp
1.38(5.66)
2.16(5.73)
0.33(6.90)

CpUpGp
5.36(5.66)
4.28(5.73)
8.07(6,90)

UpApGp
1.67(6.97)
3.93(7.36)
6.50(7.92)

ApUpGp
10.07(6.97)
8.30(7.56)
8.70(7.92)

ExporiEicr,tally determined yields arc follov/cd by 
theoretically expected yields (pareatheoeB). Both were 
calculated relative to 100 for Gp as dc,,cribed in methoda. 
Base compositions used for caloulatinc theoretical values 
were:- for polio RltAl'’’. Ap, Up, 2;.8^; Gp,
Cp, 25.9^^; for EÎÆCV RI!a 5; Ap, 27.9?i; Up, 26.4i(; Gp, 23.95^ 
Op, 21.75». An accurate experimental value was not 
obtainod for (Up)^Gp in EMCV RUA. The Hela HnRKA values 
were published p,revioualy°, except for UpAoGp and ApUpGp, 
which were kindly provided by II,Vf. Fraser (personal 
communication).
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The product ApGp is  derived from the sequence GpApGp.

The expected frequency of ApGp, re la tiv e  to XpGp, where Ip  is  

ainy nucleotide, is  proportional to the percentage of Ap in  

the molecule, or fo r polio RNA^ .̂ (Base composition

data Eire shown in the legend to table 1 ). The expected 

frequency of Gp being next to ApGp is  proportional to the io  

Gp in  the molecule. That of Gp being next to Gp (giving the 

T  ̂ product Gp) is  also proportional to ^ Gp. Therefore the 

expected frequency of (Gp)ApGp, re la tiv e  to 100 for (Grp)Gp, 

is  given by io  A, the fS G '^cancelling out". S im ilarly  the 

probable frequencies of (fo r  example) ApUpGp or UpApGp 

re la tiv e  to 100 fo r Gp are both given by ^ A x 96 U, or 

2 9 . 3/» X 23.8ÿ = 6.97# for polio RNA.

• •

o
uuuc O

AUG

UAOCI
cugT

UCG
UG

a a a g O

AAG

(ACG)
CCCG

AG TAG

OCCG

'CG

G1

Figure I
Ribonuclease T  ̂ fin gerp rin t of  ̂ p labelled  poliovirus  

type I  RNA, with Key. F irs t dimension, righ t to l e f t ,  
cellulose acetate, pH 3 .5 . Second dimension, downwards, 
DEAE paper, 7# formic acid.
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RESULTS
Figure 1 shows a T]_ ribonuclease fingerprint of 

poliovirus type I RNA. Molar recoveries of several short
oligonucleotides were determined relative to 100 for Up
as described under "methods". Similar determinations were
carried out on EMGV RNA* The results are summarized in
Table 1, together with previously determined values from

QHela cell HnRNA for comparison, and, in parentheses, 
theoretically expected yields for the various RNAs, also 
calculated as described in "methods". There is good 
agreement between observed and expected values for several 
of the oligonucleotides. However, there are two major 
groups of discrepancies,
( i )  QpGp . In polio RNA the product CpG-p, derived from the 
sequence GpOpUp, occurs in much lower than the expected 
yield* This is also true for other products terminated by 
GpGp, In particular UpCpG-p is much less abundant than 
CpUpGp, as is evident from visual inspection of the 
fingerprint (figure 1). ApCpGp and CpApGp were not 
quantitated because of incomplete resolution. Nevertheless 
visual inspection suggests "skewing" of label towards 
CpApGp, the isomer ApGpGp being only v/eakly labelled.

In ED̂ GV RNA OpGp and UpCpGp occur in low yield, 
whereas (Gp)gGp and (Cp)^Gp occur in approximately the 
statistically expected frequencies, though less abundant 
overall than OpGp. Inspection of the fingerprints 
suggested that ApOpGp was less abundant than CpApGp, but, 
as for polio RNA, these two isomers were insufficiently 
resolved to permit accurate quantitation.
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(ii) UpAp Gp and ApU pGp . In poliovirus RNA the product, 
UpApGp, derived from the sequence, GpUpApGp, occurs in 
considerably lower yield than the isomeric product, ApUpGp, 
derived from the sequence, GpApUpGp. The difference is 
evident on examining the fingerprint (figure 1). A 
similar but less pronounced inequality occurs in EMGV RNA#

A third, possibly minor point is that in EMGV RNA the 
yield of UpUpG-p is rather lov/#

DISOUSSIQN

The mammalian and viral genomes differ vastly in their 
sequences complexities, those of mammalian DNA or Hela cell 
HnRNA being several orders of magnitude greater than those 
of polio or EMGV RNAs. Therefore, before discussing the 
possible relationship of these viral results to those 
obtained from mammalian cells, it is useful to obtain a 
rough estimate of the absolute abundances, within the viral 
RNAs, of the sequences in table 1. This is done explicitly 
here for polio RNA.

The molecular weight of polio RNA is approximately 
2.6 X 10^ (refs 15, 16)# This corresponds to some 7,800 
nucleotides, of which 23.2# are Gp residues^^. Therefore 
GpGp, giving rise to the T-ĵ product Gp, should occur 
. 2 3 2 X , 2 3 2 X 7,800, or some 420 times per molecule on a 
random nearest neighbour basis# Thus the expected relative 
values in table 1 should be multiplied by 4.2 to give 
expected absolute frequencies# The observed values should 
be multiplied by a similar, but not necessarily identical 
factor to give observed absolute frequencies. (The real
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frequency of GpGp may differ by an unknown amount from the 
expected frequency). In fact 4*62 was chosen as a 
plausible normalization factor for the observed values, as 
this was the nearest value to 4*2 that resulted in a whole 
number yield for the least abundant product, (Op)^Gp (three 
moles per mole of ENA)*

The recalculated values are shown in table 2#
Table 2

Estimated observed and expected absolute frequencies of 
oligonucleotides In poliovirus RÎJA ribonuclease 
finf^trprint.

Gp CpGp CpCpGp CpCpCpGp
A 6 2 { A Z Q ) 42(100) 5-6(24) 3(5.7)

ApGp ApApGp ApApApGp
10b(123) 40(36) 11-12(10.6)

UpCp ITpGpGp UpUpUpGp
106(100) 53(24) 8-9(5.7)

UpCpCp CpUpG p UpApGp ApUpGp
6-7(20 25(24) 7-6(29) 46(29)

All values are n;proximate, and were calculated 
using as:Ainptions described in the discussion. T.te 
expected yields are in parentheses. For lovf yield products 
the observed yields are given to the nearest integers below 
and above the actual normalized values te.g, an actual 
value of ' j . ' j  for CpCpGp is likely to signify 5 or 6). It 
Si'iould be noted that all of these products are preceded by 
Gp in the intact RKA.

If the assumptions underlying the calculations are even 
approximately correct, the expected abundances of products 
up to and including trinucleotides (i.e. sequences up to 
and including tetranucleotides) are considerable. It seems 
reasonable to conclude that the generally low frequency of 
GpGp-terminated sequences, and the inequality between 
(Gp)ApUpGp and (Gp)UpApGp, represent real positive or 
negative preferences for these short sequences within the 
overall primary structures of the viral RNAs.
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Polio and EMCV RNAs therefore appear to resemble, 
qualitatively, the mammalian genome and Hela cell HnRNA 
with respect to overall OpGp deficiency. For M O V  RNA 
this confirms previous findings^, but the confirmation is 
useful, because in the previous study by nearest neighbour 
analysis conditions of somewhat "forced" copying were used, 
employing M. lysodeikticus RNA polymerase . The extent of 
CpGp deficiency observed here is not as great as in Hela 
cell HnRNA. Moreover HnRNA differs from these viral RNAs 
by shovâng only a minor inequality between (Gp)ApUpGp and 
(Gp)UpApGp (table 1).

Polio and EMCV RNAs serve as their ov/n messengers.
Only a fraction of the total sequences within HnRNA give

17rise to messenger sequences • It would be of interest to 
knov/ to what extent these viral RNAs resemble mammalian 
messenger RNAs, as opposed to HnRNA* A recent analysis of 
Hela cell messenger RNA by the present method (N.W. Fraser 
and R.H. Burdon, submitted for publication and personal 
communication) indicates that (i) OpGp deficiency in 
messenger occurs but is less extreme than in HnRNA, and
(ii) messenger RNA yields a substantial excess of (Gp)ApUpGp 
over (Gp)UpApGp.

UpApGp is a chain terminating codon, and would only
be expected to occur once if at all, in phase, in the 
translated parts of these viral RNAs, and indeed in
monocistronic messengers in general. This might
contribute to the relatively low frequency of (Gp)UpApGp
in the viral RNAs. (since there is no obvious cause for
restriction on UpApGp occurring out of phase, the
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overall frequency of UpApGp-terminated oligonucleotides 
should he roughly two thirds of strictly random 
expectation*) It is of interest that in polio RNA the 
frequency of the isomer, (Gp)ApUpGp is higher than 
expected* ApUpGp codes for initiating or internal 
methionine, hut out of phase there is no obvious reason 
why this oligonucleotide should occur in other than 
random frequency.

In conclusion it might be suggested that continued 
analysis of RNAs for non-random trends in oligonucleotide 
frequencies, by these and related methods, might assist in 
tracing the relationship and possible evolution of viral 
RNAs from, or along with, host cell nucleic acid sequences. 
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